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In ilir ?-linrt -pan nf fnui* yc'ars wliicli s('para.t(' tlu^ )>r('S('nl. (‘dirion 
h’nrn i In‘ i »rc\-it jn- uiif. a nninlx-r n 1* I’ronl rank t opics in our (‘luaiiical work I 
lia\’(* hrrii {Hi-hcd into sncoiul pla(‘<* l)y n('\V(‘r oiu^s. "rhus (lu‘ scitana' of 
crack iii'v Tudrnlcnm i'ract ions for gasoline is now an inta'i^iral part, of rclin- 
cry pi‘at‘iic(‘; iIm* new >(‘icncc‘, ilu‘ on(‘ wlii(‘h (‘inj;a.ii;(‘s (waa’yhody ’s altcn- 
tinn, i- the pnrilicaiion of lnl>c fraclions by soKaait. t'xl iai<*( ion, or lh(' slill 
newer one in tlie >anac li('l(!, 1 h<‘ iininu fa.(‘t ur<' of .a'jisolinc^ from w'a.sl(‘ 
rermcr\ aa-c- ana l'r(»ni natural was by poly nua*izat. ion , ])rta*(.M lea 1 . if maal 
be, \i\ p\-roly-i>. In other fields, tlu' in vead i\aaH‘ss of tlu' chtanical ('n<i;in(aM- 
aiul (‘heimst. dri\'en frecpiently by etajnoinic or (‘oinptd it i V(* luaa^ssily, has 
'.,d\“en us aminoniatefl sup(a'phospliatt\s, sodium ni(ra.t(^ in ptdlet form’, 
edibh‘ suyar from w'ood (‘clluhise, archil e(d ural a;la,ss, slill more* solvtails 
in the of chlorin.ated hy<Iro<‘arb()ns, (!y(‘s for aca'ialc' silk, Nh'opiaaua 

the iK'W American rubbtu*, and oIIhm' ibuiis. N(wv iisc\s for standard prod- 
uct- ai'i* e\‘einpli fled by rayon <‘(>rd for au(omol)ilo lire's, and by re‘»;(‘n- 
erated cc-lluloSe tor sponges. 

Lc*>s <ensati{>nal but no I('ss (‘ssenlia.1 to llu' orde'idy pro<i;rc*ss of Mu^ 
iridu-t the- are beticrmeiils ainl impro\a'm<‘nts r('i)r('S('ntc‘d by columbinin 
addition To -tainh‘>^ steels in ord(‘r to pr(*ser\a' llu'ir <‘ori*osion rt'sisl a,n(‘e 
e\'en thouidi heated; indium addition to silvea* lo make' if ne)!!-! arnislp 
the sotlium phenedate <j;as was’hintz: i)re)ea'ss le^ re'inove' sulfur and re'eatver 
it; and stwaa'a! iit'w instrunMuds e)f e'onlrol. 

In tin* preparation ed' ilu' pre'st'td re'visiein, all llu'se' newve'i* de'\a'lo|)- 
nnaits Itave* been c<insider<‘d, wit land howa've'i- Tu'.u;h‘(‘ruri;‘ the' slandarel, or, 
ha us I)asi<’ d’anire's e)f tlu' industrie's, for tlu'se' te)o mnsti bc' inedude'el 

if the* piedurt'* <\t il\o ('bernical ic'edmolo.uiy is le) be' a fa.il. hful one', ''riuaa* 
has b(M-n incdtukal h j.!;Ta*at('r numbe'r of lip;ur('s for i)rodne*l ie)n, e'ilhe'r in 
unit - of \v(*iuld, or in nione'y value', e)r be)lb; and it. w^ill bp nole*eI that for 
many <da‘-s<*s {)f ^^euxls. the' ti«j!;ure'S have' Ix'eai liroke'ii <Iown furlheT I ha,n 
foruHTly, d'iu' purpose' is to k'ave' more' and more' the' \aip;ue', a.nd e'lde'r 
more' and umre- into flu* pta'e'ise', an instined- (•e)mme)u lo e'vu'ry sede'nlisl.. 
The liixurt'S in sne'li table's it will b<'. rurtlu'r ne)l('d are' ma.inly for 193/>; 
there' are' ne> e'orre'spoinlinjj; fip;ure's fe)r for the^ re'ase)n, we'll known 

to many of my rc'adc'rs, that the. I^uroaii of llu^ (k'usns ce)mpilcs fi<i;nr('s 
for tlu' culel ye'ars only. The* next li^urcs will bc for 1937, and will not 
be avaihilde until late in 1938, 

In rt*si)onse. to the^ reepu'st cxi)roHsed in t.h(^ eaarlicr prcfae.OH, many read- 
ers been ^ood <*ne)Ufi:h to send me their commentH and critieismH, 

mueh to the pre)fit of the work. I hereV^y renc'W the r<x(uest. All exnn- 
muiuenfions will be linswered, an they have in the pant, and l)e given con- 



6 


PRKFACFj Ti) THE I'HIixP F I > 11' P > \ 


sidcrod attention. Sucdi h'tti'rt'* lia\'<‘ <*<uno irtan p'-nn? ' r 

South, from tlic Pacific coast, from S\vt*(ifn, irom I'.n -l.Mn.L n*‘iM < 

many, fr(.)ni .Pussia, c'A'C'ii Iroiii Iiulia. .Xltni", wiiii tie- ‘if iiTiifr lo * t ; 
cised, the inessaii'es c‘X|)r('ssiM 1 e;< )o<I\\ ill , ciH’t nt . ;;i .[ p’- ’ * • 

beyond tlic deserts oi tlic' xN'ork. ^ly ernlitudc i‘> i!h* (■ '■* !:? if ii » it 
novel’ Vie exprt'ssc’d adcaiuat ely . 

It lias bc'c^n niy ^‘ood I'ort unc‘ ( o en la ret* t he '..M’t »np n t : u t i \ f < - ■ . ; ' i : . . " ■ 
by two, jNIr. Raymond B. St rini 2 ;h(*ld, of I.tr- AicmIc-, nnri Mr W 
liorak, of Hartford, ddicnr cont ribut ions a rt- c hdy accrtdutti lu * i 

places. 

Kvery request for information, ad<lrcs'-ed :i ^ if ■ : 

Rosearcdi 3 >irc^(*tors, niana.a,('rs, d<‘part ment - <0 nmn aa? .:j ; i r ;• 

engineers, and cliemists, was complied with; in iMt» ^ t :; * . ■ v- 

abundance of niaterials that, to my inhniit* rc'.-ri i. mil'. ■: : ■ :: ’ . r 

could be used in tlu' text. In a v(*rv sp(aMal wmn, ni\ ri.:o.!. :'i 

the several gov('rnm(mt bui*<'a.ns and tlu'ir oHictT' : Mi i * \ 1‘.- 

and associate's, of tin' Bur('aii ot* the < 'ensus, lit partnca* f«: * . ■ 
to T)r. J(.)hn W. 3^^in<‘ll, Oircctor, and f<» his a-.-ociatf . 1* o- :: ; • M r - 


Department of the Int (‘rior ; t o I )i\ ( \ ( \ < ‘i »n<*a n n- -n . t * ■' ’ ^ t , 

, .nivnsion, Bnrc'au of I''<)r<*iii:n and I)o!nc>ti<' t'imaii* . 1 n ■ . ' 

poniinerce, a,nd his locail l)istri<M rcprc>i’nt a r i \ . if M* < i t 

Dharge, P)ivision ot* Statisti<*al and Hi'-tt»ric:d lb- *-h. \ \ ; 

,,icultural Economics, I )('])iirt ment (>f Agricailt urr, and o. M- f , 
Irmcistor, Senior I^l(*onomist , of thc^ sann^ di\‘i-itin, M? \ ■ 

!crz, Fertilizer Inv('st igations, Bnr<‘aii of (dn*mi-fr\ and .'-■ 
ame 3 department ; to Air. Sidin'v .Morgan, Sc<-r'c!;i!'s . l apf *: ► i 

Commission; to Mr. 11. J. Zimnu'rman, < 'hi*M' Stati na-ian : r ^ 
ind Oils, -Biux'au of Mh' ('(Misus; to o/ficials in tla^ Ibnfnn n-i' P I- 

tigations; in tin* Corjis of Engiiu'crs, \\\ar I )<'*pa ji n a m . o: \ < 


States Ikiit'nt ()fli<a': in th(‘ f^atcad < Xhua* in London , n: t » F *. o . . . 
l^atcnts in Ottaw-n ; and to s<*\a'ral oIIkm’ otradai-, '11s . * ’ ^ t v 

warded an al^iindaiKar of c'xact information, -upplf n.- an i n- * ■ . 
comments in letter form, and not oid\’ rephe-t! pi-..n;,c:* mn .. e .. : 

courtesy which ma.y b(' eonsidf'rc'd elia ract oi’i-* t ir *0 r h* n n . d 

meiit officers. 

In the ]>re])ara< ion of <lraw'ings, I have a-'ain If.i.i -^<*5 

cisin and advice of my colh'agne, Prort‘h.>or ( ho lo^ llarm-^vn n .r . s - 
in meclianieal engineering. 

Finally, I woidd like, to (|U(jt(' an c‘x<a'rpi from the pnri;?.** j... t p:«: i 
edition (1928): “It has bec'n th(' a\dliorV prt\‘iici*e t»^ In n*dd b\ * n* ■ 
exporiencti of Dr. 31. E, Ilowcn editor t>r //n///^7/*ad n/td / . o. . 

C fie?nirstry 

Kmu. Urr^..-nt 

Buffalo, N. Ah 

Juno 19, 1937. 
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Table of Chemical and 

Relative Importanoe of Chcmicfil and Allied AT atvajart u r<'t< in (hr X-nii<'d 

the Census^ Department of Comrnercc, i^ii]>plcnicn(('d hij fujnrt s frn/n tlu l 'nii*il 


Motor car industry 

Vehicles 

Bodies and parts 

Kubber tires, inner tubes 

Iron and steel 

Pig iron - 

Cast iron pipe, fittings 

Gray iron, malleable iron 

Steel works, rolling mills products 

Petroleum refining 

Cotton goods (the 1929 figure) 


S2,:{9i,()r>r>,;}nr> 

i,r>r>(),s.Tk() 19 

;jr)S,itr>,-i99 

:;7,s7(>.()si 

2r>o,tr>(>.2:jo 

i,9:u,:ii.s,22() 


S i,:*>s7.9si ,o hi 


2.077,79 1 .020 
I ,s2.s.r)2 1 .9 1 :*> 
l,r,2 1.I77.0S7 


Paper 711,792.299 

and pulp l()7,2()S,2r>l 

Flour and other grain-mill products 

Wool and hair manufactures 

Cane sugar refining 

Paints loS.dS 1.925 

and varnishes 170,7(>(»,01 2 


S79.(K)I 
S5:5.2PJ.00I 
710.7 i<i.:i7r> 
277.21 1, M2 

250.71 1 ,57 1 


Leather, tanned, curried and finisho<l 20.s.2M,7f>2 

Druggists’ preparations and patent medicines 291.722,172 

Glass 2S2.925,0(»1 

Soap 2.' 19 . 1 52 . 1 .* >0 

Rayon and allied products 1S5, 159.52 1 


Clay products 177,9ls.9l9 

“^ottonseed oil, cake, meal, hulls and liniers I 77.7.'JS,(K)0 

I70.S52,12r> 

timers I I0.2.sr>.n2 

lufactured ice l2X.fK)9.riS7 


Dement, Portland 

Perfumes, cosmetics and other toilet prc^ijarat 


Corn products; syrui3 2 1. 252 .9 IS 

corn sugar 10.975. (>2 I 

corn oil I2..S22,99f'> 

starch (90% from corn) 29.922.77r> 


120, 11 7. 129 
1 19.1 tr>. 172 


H)2.f>:n.75i 


Beet sugar induatiy 95, 1 59 .SOI 

Synthetic organic chemicals not of coal tar origin sr>,:i2t,lKK 

Mirrors 0K.7r»7,r>52 

Dry colors and pigments ^><>,257,992 

Linseed oil, cake and meal (;0,2(H*221 


Photographic film, paper and plates , 

Safety glass (laminated glass) 

^-Ves 07,954,454 poundj^ 

Gypsum pi'oducts and building insulation ' 

Compressed and liquefied gases 


55,155,520 

51 /188,;j5l 
55, 175,555 
42,0iH,05l 
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Allied Manufactures 

for fJu' if<'(ir ; ^^clecAcd a.yid nrrn/ngad from figures sup'pllccl by tho Bureau of 

7'an'JJ if (nn-7mssio7ij the Biiroati of Mines, Dcpai'imerit of the Iritorior. 


lOx] >iosi\'t's 

I >isiiil*(‘{d ants and insect, icidc\s, incliirttria I, hoiiscliold, and aji;riciilLinal 

'rannin.!*- ma t ('rials, nat ural dyf'stulTs, assistants and sizes 

Hakiiif^ powdc'rs, y(^!ist,, and otluu’ loava^ninu: coinpcjiinds 

Snifiirie, acrid, niad(' and cajiisuined at the plant 1,991,743 tons 

for sale, \'alucr of ihc' 4,470,469 tons 


40,667,200 

37,268,449 

33,638,800 

32,340,648 

31,907,469 


Sulfur producc'd 

Soda ash, ina<h' and cronsunu'd at l.he ])lant 637,224 tons 

for sale, value' of the 1,871,335 tons 

( ; Ijk* and t*:<'Ia tin 

C'austie. soda, niad(' and consunu'd at the ])laTit 39,087 tons 

foi- sal(‘, value? of thc' 719,456 tons 


29,367,200 

28,424,750 

28,161,033 

28,104,631 


Int.('rin('diat<\s for dvc.'s 26,074,279 

Idlin' . 23,323.071 

Sail. 21,0ScS,641 

'rurp<‘nt iiTK' and rosin, from the? only . . . 19,232,724 

Wood (list illat ion and charcioal luamifacUirc' 15,970,917 


Afxricail tnrjd insc?(rtic‘idt?s and fungkiides . 
H( )n« 'hlaek , earhon l>iac*k and himpblaclv 

Synthetic n'sins, of coal tar origin 

Phosphate' rock produci'd 


15,311,231 

14,811,298 

12,777,195 

11,559,210 


Ac(‘tic a-cid (as 100%') 

IVI cdicina Is, from coal tar 

Cdilorinc', iiiadt' a.nd <*oi\suinc'd at tin? plant 

mad(' for sak*, wahu' of the? 

<'arl>on dioxide, li<iuc?ii('d . 

f'arlxin dioxide, solid ‘klry ica?” 

Horon iniiK'rals produced (borax, kc'rnit.e) 


98,697,347 lbs. 


. . . . 112,144 tons 

. . . . 207,159- tons 

S4, 528,449 1 

3.215,692 / 

272,907 short tons 


9.945,243 

8,371,901 

7,944,266 

7,774,141 

5,381,560 


Pcdasli salts 

h«'ad arsenate? 

Hill >bc'r acrec'ku'ul cji’s 

Hutyl acchatc? 

I-Jrominc? 


35,786,132 lbs. 
16,428,533 lbs. 


4,993,481 

4.129,464 

3,786,809 

3,675,656 

3,483,239 


JMethanol (synt lu't.ic) 

( 'arbon bisulfidf^ 

( )Ieic aeid 

llydrcvdiloritr acid, made? and consumed at. the? ])lant.. 

nnieh' for salt*, value of thc? 

Stc'uric* acid 


80,626,923 lbs. 


32,201 tons 
54,880 tons 


3.402.643 

3.309.644 
3,272,536 

3,048,159 

2,776,306 


C'itrit*. aedd 

H.ubbc‘r antioxidants 

Butyl alcTohol ‘/''‘i’'"* 

Nitric acid* made? and con.sumc?d a;t thc? plant 

for fuilc. value? of tiu? 

Kthyl act? tat c 


28,656,405 lbs. 

98,093 tons 
. 24,503 tons 


2,768,377 

2,674,792 

2,656,405 

2,142,817 

2,836,212 


C^alciiim arHcnate 

I0thc?r 
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2,302,844 

1.613.993 



WI-IAT ‘THIKGS CH.KM1CAI/' AllK WOimi: 

AveragOH of sales for 1935, unless oMu'rwise luHi-d. 

Bituminous coal (1934 shorli ton S I .75 

Iron ore, at the mines, lon«' ton l!. is 

Salt, jSTaCI, short ton 

Phosphate, Florida land ]>ebbIo, Jon<»: ton .'>.4 1 

Sulfuric acid, 50° Be., chamber a (‘id, slujrt Ion t7 4() 

Lime, short ton 7.M 

Soda ash, short ton 15.10 

Sulfuric acid, 65° Be., short, (.on 15.50 

Pi^:^ iron, lonp? zon 1935 

Pig iron, long ton 1936 19.10 

Sulfur, brimstone, long ton 17.91 

Sulfite pulp, i.mbleachcd, short ton ;n.70 

Chlorine, short ton :>s. 4 i 

Cau.stic soda, short ton 39.00 
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11 hen the chc'tnisf think's of the chemical iJidzistries he icsiially j)laces 
s'lilf'iinr (irni first. The manuiarturc of suLfui'ic acid is par excellence a 
t asJc for /Jit' (dicnrist ; in its dcvelopnienty much pionecH/ng, hold, for those 
carh/ (laijs^ iras done. There u'iLl aizrays reniavn Linked to any discus- 
sion of sulfurii' arid inanufactzire , the fine names of John. Glover^ Louis 
( i a y- L nssiir and (icorge Tjimgr. 


INDUSTRIAL CHEMISTRY 
Chapter 1 

Sulfuric Acid — Part I — The Chamber Process 

Suit uric is iiiaiiiii'a(*turc(l either by the cluiiiiber process or by 

llu‘ contact proct^ss. In the ehaiuber i)rocess the acid made is rather 
weak, about 70 per eent the contact process x^roduces 100 jier 

(•(‘lit aeid and str()n<i;ta* <>;ra(.k‘s containing the anh3^dri(le SO;^ in excess 
(lh(‘ oUaiuis ). 'Tile (f.hauihc‘r pi'ocess is the older iirocess ; it is charac- 
t(‘rized \)y comparatively large reaction chambers made of slieet lead. 
In its original foi’iii, it prchsents the leisurely gait of the i>ast century; 
it has maintained its jilaec^ mainly hc‘cause its j^roduct is concentrated 
(‘iiougli and pure caumgii for the manufaetnre of superjihosiihate of cal- 
ciuiu, a f(‘i't iliz(‘r. Tlu‘ contact xii-ocess, c^n the other hand, ]oroduces tlie 
strong acid iu‘e(.‘ssarv for ceilain chemical reaedaons, such as those 
in\’ol\'e(l in tli(‘ manufacture of dyc^ intcu’inediates. This i:)roeess is char- 
acterizc‘(i l),y thc^ use of a solid ^^contact^’ substance, such as finely divided 
platinum, vanadium iieiitoxide, or ferric oxide. 

lOvcM'y year the chamlier i)rocess is losing ground a little more, both 
in tlu'. number of plants, and in the tonnage of acid produced. There 
are still (1935) more chamber sets than contact j^ilants, but the margin 
is slim : 

1920 1935 

C'lhanibf'r serfs 141 71 

Ck)ii1.iLc:*t plants 42 63 

In x>roduction, chamber acid also retains its lead, but here again, 
only a small number of tons sexiarate the two figures: 

C'^harnbt'r acid production, 1935 3,415^379 tons 50° B6. 52.8% of total 

('’-ontiict acid production, 1935 3,046,833 tons 50° Bcr. 47.2% of total 

The contact acid has gained steadily; in 1921, it was 25.2% of the 
total tonnage; in 1923, 27.6; in 1925, 29.2; in 1929, 36.2; in 1935, as 

listed above, not far from half the total. The trend is due to the develop- 

ment of extremely compact installation for manufacturing sulfuric acid 
with the new vanadium masses, and to the standardization of such 
plants. This development in turn has been favored by the availability 

15 
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of brimstone at reasonable prices. Another reason for the greater 
growth of the contact process is that by that process, any strength acid, 
including the oleums, may be prepared with no other difficulty than 
diluting for the lower strengths; while by the chamber process, acid 
stronger than 55"^ Be. can only be made by an additional operation, and 
oleums cannot be prepared at all. The trend, however, will be less pro- 
nounced in the coming years because of the ingenious advances in cham- 
ber construction and operation, described under ‘^hnodcrn developments.” 
In the operation of chamber j^iants, the potting of nitre is now almost 
obsolete, and the burning of tlic cheaper ammonia to produce the neces- 
sary oxides of nitrogen, permits a more intensive reaction; a slightly 
greater loss of nitric oxide can be tolerated. One x^o'u^d of ammonia 
[jSTH.-i] i')roduccs as much nitric oxide as five pounds of 100 i:>er cent 
sodium nitrate. 

A plant does not necessarily confine itself to one i'>rocessd but may 
operate both types plant, diluting the stronger contact acid with the 
weaker chamber acid to produce medium strengtlis. 

The principal commercial strengths of chamber acid arc; 


50° Be. acid (chamber acid) 62.18% IIoSOi" 

55° Bo. aedd (chamber acid) 69.65 “ 

60° Be. acid (chamber acid, conceDtrated by hoa.1 ) . . . . 77.67 “ 

66° Be. acid (oil of vitriol, concentrat.od by heat ) 93.19 


A tabic for convortinp: Buiimc degrees to spocific Rravitios will be*, fouiicl in tlie Ai'>pondix, 

The strength of* the acid is judged by a hydrometer test, with the 
hydrometer graduations in Baume degrees (see Chaiotcr 46). For the 
strengths up to 66 ° Be. (93.19 per cent H 2 SO 4 ), that is satisfactory; 
between 93.19 and just above 100 per cent H 2 SO.J, the electrical conduc- 
tivity is a reliable and convenient method. The oleums may be tested 
between 8 and 56 per cent free SO^ with a hydrometer; below and above 
these figures, by titration. The commercial strengths of oleums arc 15, 
20, 26, 30, 45, 60, and 65 per cent free SO;j. 

Set of Sxjlfuric Acid Chambers 

In order to manufacture sulfuric acid by the chamber process, there 
are needed: (a) burners for lump ore, rotary burners for fines, or special 
burners for sulfur; (b) a Glover tower; (c) a set of chambers; (d) one 
or more Gas-Lussac towers; (e) several auxiliary devices. (See Fig. 1.) 

A specific set with daily capacity of 17 tons of 55° Be. acid per day 
is shown to scale in Figure 2, and will be described; it will reflect the 
older practice. With this plant as a basis, the important modern develop- 
ments will be readily placed and appreciated. 

(a) ILump Burners. The source of sulfur dioxide in this 17-ton set 

^ A list of the sulfuric acid plants in the United States will be found in Chem. Met. 37, 

50 C1930). 

2 Taken from the table published by the Manufacturing Chemists’ Association of the United 
States. The relation of Baum6 degrees and decimal specific gravity is as follows: Baumd degrees 
~ 145 — C145 specific gravity). 
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will be iron pyritc, FcSo, a very heavy, yellow orc', also (‘alh^l loolV -oM. 

In size it is two-thirds nnt, one-third inai. Tiiere art‘ oO bunuM's. luort* 
fire-places, each 5 feet broad, 6 feet deep an<l (> feet- hie;h, with east iron 
grate bars and brick walls. Eacli rcaahvi's a. singh' charge ol 1 OOO 
pounds per day. In order to start the ore, coki' must b<‘ us<‘<L but oner 
started, it supports its own combustion. Air is a<linhb‘<l uikUm* tlie grate 
bars, through a number of 2-in(rh holes which may bt^ ch)S(*(i at 
the amount of air and therefore the pereenta.g(' oi* sulfur dioxitle in t he 
^^burner gas’’ is regulated here. The buriu'r gas wiih all its boat i^ass(‘s 
through a flue to the nitre pot, and thoiU‘e into tlu^ bas(‘ ot tin* < do\a*r 
tower. The iron is left on the grate in the foian of ihi^ dark red (>xiile. * 
FeoOs, which is discharged by shaking tlu‘ grate. Tlu^ redact iou is 
4FeSo tH IlOo = 2Fc:>0:i + 8SO:i. 



Figxjhb 2. — Pltint for the; ni!imir;i<!tiir(^ of svill'iiric acid Ity ihi- rhaiul >i-r (if.n-!- 


(b) Glover Tower. The Cllovc'i- (<)\v(‘r is ;i ruUu'r low n-ct aiii,';uhix- 
box made of sheet lead sup])ort.od by an oxitor slx'td friunt' and lillnd willi 
quartz of assorted sizes. Tlicx’o ixnsse.s down Ihc tower llu- ju-iil eolleetetl 
at the base of the Gay-Tussac tower, rich in tiilrous funic's; iuul wa<t'r 
which dilutes it and releases the. dissulvt'd nili-o^rx'n oxidx's. There pas.^es 
up the tower the hot burner gas, currying nway (he nitrogen oxiih's. nn<l 
the water as steam. The Glover ac.hl on is.sxhng fnim (lu* hot (tun of 
the tower passes through lead coils lai<l in running water, in onler ti> 
cool it from 130° F.' (54° C.) to 60° to 70” F. (15” to 21'- iW. The 
cold acid is elevated by means of an automatic blowease or aei<I egg to 
a small tank over the Gay-Lussac tower, from w'hich it is feci grachmlly 
through a distributor and an elaborate system of small pipe's, c'.-ieh with 
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a U-bend forming a seal, to every part of the packing in the tower. {See 
Fig. 3.) 

(c) Clianibers- The set has a first large chamber, with a floor 75 
feet by 26 feet; a second chamber, 35 feet by 26 feet; and eight smaller 
chambers 26 feet by 28 feet.. The height for all is 14 feet. The walls, 
roof, and floor arc of sheet lead, with the seams ^‘burned"' with lead, 
that is melted with the air-hydrogen blow’pipe ; the lead is supported on 
an outer frame of wood or steel. 

(d) Gay-Lussac Tower. The Gay-Lussac tower is used in order 
to recover as far as }:)Ossible the nitrogen trioxide gas which leaves the 
last chamber with the nitrogen and excess oxygen, and would otherwise 
be lost to the system. The tower is 70 feet high, circular with a diameter 
o[‘ 13 feet. It is made of lead supported by an outer steed frame and is 
filled with graduated quartz lumi:)s, large at the bottom, smaller in size 


FicaaiK 3. — Rlowcase for tlie clc'vation 
of siilfin-ic acid. 



over that. There ]:>asses down the tower the cold Glover acid; there 
passes up the tower the gases from the tenth chamber; the descending 
acid dissolves the nitrogen oxides, and allows the other gases to escape. 
The absoiq^tion is never perfect. ISiitrogen oxides, in the proportion of 
jSTO -{- T'v'Oo, form a yellow gas which is soluble in cold 60° Be. sulfuric acid ; 
tlie streng4h of the solution after passage through the tower fluctuates 
between 1. and 2 per cent iii:>parent this is now the ^^Gay-Lussac 

acid’"; when w'atcr is added to such a solution, the gas is liberated and 
passes out. 

The marketable chamber acid is allowed to accumulate in the chambers, 
so that its level gradually rises. When the amount collected is sufficient, it 
is syphoned to a storage tank, or to a railroad car tank, ready for ship- 
ment. It is customary to use the chambers for the storage of the made 
acid. 

Since 1918, acid-proof masonry has been successfully applied to the 
construction of Glover and Gay-Lussac towers.’^ 

3 “R,ecc',iit dev el oi>ni exits in the manufacture of sulfuric a,cid,'* S. F. Spangler, Ind, Eng. Chem,., 
21 , 417 ( 1929 ). 
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(e) Auxiliary Devices. These are a nitr<‘ pot, sot in an oniar.Lie- 
ment of the flue leading* the burner g■ast^-i to tlu* < Uo\-or box: and 
or blowcases, into whicli acid is laui l)y gra^'i^\^ am! forcod up a iting 
pipe to the desired i:)oint by eoinprc^ssed air; dist rihut < u*s, to di\ddo tin* 
acid from a central i^an at the to}) ol* a low'tM* into a nmubor oi small 
streams so that all parts of the patdcing may he watted, 'rin* nitre pet 
has been rei^laced by an amnioniii burner, in many eases, and the IjImw- 
cases are giving way rai:)idly to tlu* small <'entrifugal pumps tu spt*eial 
metal. In addition, a Venturi i)ipe to measure* the How of ivas, a fan to 
pull the gases through the chambers iiiid towers, and haid s\ ph<in- ami 
lines to transfer the finished acid to storage tanks. 

In brief, then, the manufacturt* of tlu* acid is as follows; b\ rite nr 
sulfur is burned to produce sulbir dioxi<h*; (his (ixidt* eoiiilhnes with 
oxygen and water, by the agon<‘y of nilri<* oxidia to f(jrm snlfurie a(‘id. 
The Gay-Tussac to\ver is not n(K‘<lc*d for tlu* r(*ae(ion itself; it i> a device 
for conserving the nitrogen oxides, ddu* eonti'ol of tin* rc-aetiou ^o that 
the loss of the costly nitre gas will be ii ininiinum is tlu* main proI>h*in. 

In the east iron nitre pot, the nitre* was co\'(‘red with ( Uovor acid : the 
heat of the burner gas causes tlie gradual (*V()lution of nitric* acid whieli 
passes into the burner gas and tlu*r(* was rt*du(‘(‘<l by sulfur dioxide \o 
nitric oxide and dioxide. These nitrh* c)xidi*s, with more* or h*s> nu>ist\irt*, 
are commonly spoken of as tlic ^hiitrc* gas.” ''Idu* ammonia burnor ma\ be 
placed where tlie nitre ]^ot was, and its gas dt‘livt*red to the sulfur gas 
entering the Glover tower; a not infr(*(.|u<*ul 1 y s(*h‘(‘led place* of entry 
however is after the Glover, just at the* (*ntran<*(‘ to (he tir-t ehamlior. 

The observations made by the “chanil)c*r man” in ordf*!' to follt»w' the 
reaction are; analysis of burner gas; lc‘mperat tire* in liu* iir-t t'bamber 
and in the last cliainber; sulfur dioxide analysis in tlu* last chamber; color 
of the gas, and fog, at the exit of the last- (*liambc*r, obst*rvt*<i liy means 
of a glass globe set in the line; dc'pth of tlu* y<*llo\v color of the was at tlu* 
exit from the Gay-Tmssac tower; s])(u*ifi(* gravity of (lu* drips from a lend 
table placed inside each chamber and from t.-wo tal)les in tlu* first eliamber: 
titration of Gay-Tussac tower acid for nitrog<‘n trioxidi*; ‘aaae rt*ading 
at the Venturi meter; readings at tlie ammonia oxidation unit. 

Travel of the Gas. The burner gas goc‘s to tiie ( dovf*r to\vt*r, \vh<*ri‘ 
it denitrates the mixture of Gay-Iaissue acid and water; also it eom-ini* 
trates the acid, carrying the steam into the first chamber, so that in spite 
of the addition of water at the toj) of the (51ov(*r, tlu* acid issuing from 
its base is as strong as the Gay-Tussac acid which was ft*d in. In athli- 
tion to this steam, exhaust steam or atomi> 5 e(l wat er is admit ted into 
the first chamber right over the inlet pipe, and into tlu* Hubstupu^ni 
chamber in a corresponding position. The reaction proceeds vigorously 
in the first chamber; its intensity is gaged by a therniometer or pyrotu- 
eter. The steam or sprayed water is regulated so tlmt the Hpcciftc 
gravity of the acid is about 55° Be. To bci sure that ^hiewly made?’'* aeid 
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is tested, sloping lead tables are built into the chamber with a connecting 
pipe to the outside, so that the '^table drips” may be led, through a seal, 
to a hydrometer jar. 

The gas then passes into the second chamber, through a short, wide 
2 :)ipc; then into the third, and so forth. In each chamber a heavy mist 
forms, which slowly settles, leaving the unchanged gases saturated with 
moisture. The droplets wdiich settle arc sulfuric acid with an amount 
of dissolved water depending on the amount of steam present. Too little 
steam causes a strong acid to settle, which on reaching 60° Be. will 
dissolve the niti'ous acid and form chamber crystals (nitrosyl sulfuric 
acid, IINSO.- ) . Too much steam may act also to remove nitrous acid by 
solution in tlic water of the weak acid, and this will dissolve tlie lead. 
The drills indicate in which direction the danger lies. In the last 
chamber the gas still should be about 2 jier cent SC)l> and the temperature 
80° T. (27° C.), if the first chamber is 115° T. (46° C.). 

Composition of the Burner Gas and Tluctuations. The burner gas 
should have a comiiosition of 8 to 11 per cent SO^ by volume for the 
proper working of the chambers. Atmospheric air contains 20.8 per 
cent oxygen by volume; wlicn using pyritc, 8 volumes are required for 
the formation of the sulfur dioxide, and 3 volumes to form iron oxide; 
hence there is left 9,8 per cent oxygen on the original volume; when using 
sulfur, 11 volumes of the oxygen may be used, wuth none wasted to the 
cinders, to give 11 i')cr cent SO 2 g‘as. For the further formation of sulfuric 
a,cid, 4 v’oluines (or 5.5) of oxygen must be i:>rovided, ])liis a slight excess. 
The nitre gas is furnished by the Oay-Tussac acid diluted by, w^ater as 
it enters the Glover tower, supplemented by enough dry nitre jolus 
Glover acid, or oxidized ammonia, to replace that lost to the atmosphere 
at the exit from the Gay-Tmssac tower. If this normal loss alone \vcre to be 
made good, the quantity would be constant, say 12 i">ounds an hour. But 
there are irregularities which cause greater losses over short periods. 
The most interesting of these is the diurnal fluctuation, due to the change 
in the temperature of the outside air from day to night; and what is more, 
it does not follow night and day closely, but lags about 6 hours behind. 
To maintain the proper intensity of reaction, the nitre during the cool 
period (night) must be decreased, while the nitre during the warm period 
(day) must be increased. Taking all the causes of loss of nitre gas 
together, a nitre gas consumi^tion of 2 per cent of the nitre gas in the 
chambers including the Gay-Tussac acid is considered normal. 

Aside from general unavoidable irregularities each set has its own 
peculiar defects due to its age. Teaks develop through the chamber 
walls, and to prevent a loss of gas, the fan speed is increased. As a result 
the gas is leaner, and other guiding temperatures must be settled as being 
the most advantageous. In other words, each set has its own ^^best” 
temperature. 

The set described provides 10.1 cubic feet of chamber space for each 
pound of sulfur burned per day, if the ore delivers 38 per cent of its 
weight to the combustion air; this would be an average performance. 
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Sets arc compared as to intensity of workinji; by means of this ti.Li:ur(‘; tlu* 
effort is to make it small. 

A chamber plant is ver^^ quiet; almost notliino- c*an be lieard ('xcej)!. 
the overflow water from the acid coolinfi; tanks, and tlu' p(a*iodi(‘ ('S(*ape oi 
compressed air from the automatic acid elcvatc^rs. 

Brimstone-burning plant: Another chamber st^l, in which hrnush^fic. 
is the source of sulfur dioxide will be dcscribc'<l. Its buriuM’s arc* sl(>\vly 
rotating long cylindrical steel drums, with tlu*: long; axis liorizontnl; tlu‘ 
brimstone is melted. A regulated stream ot air pass(‘s o\'t‘r tlu‘ sullur, 



Figure 4. — Plan for the brimst ono-hiirning; c-haiulKM* />’, (Jlovir towi-r. 

C, C, C, Gay-I..iissac lower sections; A, ainnioiiia hiii-ncr. 


keeping the blue flame going, and sweeping the combustion gas(‘s gonlly 
into a combustion chamber, a tall cylindrical towcu* st‘t ui>righ(, w hicli also 
receives the combustion gases of two more similar burmu's. Any ent raiiHMl 
sulfur mist is burned here, with the aid of secondary air. "TIm* gas t(‘sting 
11% SOo enters the Glover tower, then receives tlu^ nitric* oxid(* from an 
ammonia burner, and passes into the chambers. 

There arc 12 chambers, each one 70 feet long, 24 fei't wide, and 2 <S f(‘(*t 
high; they are arranged in four groups of three chambers t'ach. d'ln* gas 
enters numbers 1, 4, and 7 from the main header, and lrav(‘ls 1‘rom each of 
these through two more chambers before reaching tlK', r(*turn In^adtu'; lumce 
the gas has now swept through 9 chambers. Tlie return headta* (•oll<‘cts ilu* 
partly reacted gas and sends it all through numbc'r 10 , from tluu’i* to 
number 11 , then through number 12 , thence to the* ( lay- 1 aissa<*, and 
finally through the fan to the exit. The operation is more' inttansive than in 
the previous set, the temperatures arc higher, and the*, nitre* gus loss 
between 3 and 4%. 

The brimstone charge is 3000 pounels per hour; the ammonia burxie'd is 
500 pounds NH 3 per day; the yield is 4.85 pe:)unds e)f 50'^ Be'. uci<l i>eu* 
pound of sulfur burned, an astounding figure, since the th<xore*ti('al yiedd 
is 4.92 pounds. The space efficiency is 7.83 cubic feet per pound t)f sulfur 
burned per day. The- temperatures for the first three? cliambers are 1 st, 
232° F. [ 111 ° C.] ; 2 nd, 232° F. [ 111 ° C.] ; 3rd, 200 ° F. 193.3° C.l ; while 
in the last three, they are 10 th, 180° F. [82° C.] ; 11 th, 165° F. [73.89° Ck [ ; 
12 th, 112 ° F. [44.4° C.]. The Gay-Lussac tower works at 80° F. [26.67° 
C.] ; this tower is built in 3 sections standing side by side, the gas rising 
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Lip one section, down the second, and ii}) the tiiird. In c*ross-se(*tic)ii, tlio 
sections arc 20 feet square, and 35 feet in height; the j'lackinp; is a silic*a 
brick. Water is introduced at the top of tlio (Hover, in oi’<ler to dilute the 
Gay-Lussac acid and liberate its nitre gas; this is supplenientc'd by watc'r 
sprayed directly into the chambers, through an atomizer with porcadain 
nozzle. All the acid made in tlie chambers passes throngli the (Hover; 
the made acid is drawn off from there through coolei-s, to storage. 33 pen- 
cent of the acid is made in the Glover tower, and 20 per ccMit in tlu' first 
chamber; the acid as it leaves the (HoA^er is clear and colorless. Sueli a. 
set runs very smoothly, and the labor reciuirenumts are small; c'lnc' man 
to bring the sidfur to tlie hopi'icr feeding the bui’iu'rs, anoihc'r man for 
supervision and testing. 

Ammonia Oxidation Unit. Instead of the ndrt' i)ot, an ammonia 
oxidation unit may be installed in order to sui)i)ly tlu' nitre', gas rcMiiiii'cd 
for the chamber operation. In sucli a unit, a niixtin-c‘ of air and amino- 


Fi(ariii-j 5 . — A “Choinico'’ oxidiUioii 
iinil... 1, rnt vy of aninioiiia iujuJi ; 
2, strii)poi-; 3, Wiirmcd air; 4, ex- 
hausted licjiior to waste, • 14, con- 
denser to hold back excessive 
moisture; 6, filter; 7, heat ex- 
(than^or ; 9, converter; 8, heater 

for the ammonia liquor; 12, outlet 
of nitre gas to the chambers. 
TV, weak ammonia liquor. 



nia gas (11 per cent Is LI.-O , preheated by thci otitgoing gasc's, ])ass('s 
through a fine nicsh platiiuim gauze raifsed to rtid tieut. In (contact with 
the platinum, the reaction 4iSrtI;, -t- 50^ ~ 4NO H- GllaO, takes i)hiee, 
with an evolution of 214.2 Calories. This is enough heat so t hat witli 
proper construction and preheating the gases no additional heat from an 
outside source need be applied. 
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The unit constructed by the Chemical Constru(*t ion ('orjin., is shown 
in Fig. It is designed to receive aqua aniinonia, ratluM* than auliy- 

drous ammonia; in tlic stripper column, warm air r(niio\'t*s (strips) Nil;, 
from the solution; the mixed ammonia and air ]n’c‘licatt‘d in tlu* in(('r- 
changer 7, enter converter 9, where the reaction to rorni nitric oxi<U‘ taki's 
place. The outgoing gases reach first the Iieatca* 8, w'lun’thn tlu* W(*ak 
aqua ammonfa is heated to boiling, then the heat exchangca’ 7. before 
passing out through 12 to the Clover tower. On th(‘ way tlnaa' an 
oxidation of the nitric oxide to form a mixture of higluM* oxidc's takt's p]a<*e. 

A x^icturc of the converter, and further discaission of iiniiuonia oxidation 
is given in Cha}')tor 6 wlicre the manufaeturc' of nitric acid i)y ammonia 
oxidation is presented. 

Anotlicr oxidation unit works on anhydroiis ammonia ( lir(‘et ly ddie 
liquid anhydrous is vaporized in a coil heated ])y part of ih(‘ ouluoing 
gases, passes an oil filter and enters a I'nixer (a Icaigth of a him ini un 
pipe) which also receives the }:>reheated and filtcaa'd a,ir lavpiired. 'The 
mixture, with a temperature of 250'^ C. | 482" F. | . centers tlu‘ <‘on v(‘rt ei\ 
whose contact material is an 80-mesli gauze of four layt‘rs, niadt‘ of 
platinum-rhodium alloy (Baker number 750), and with st]-ands .005 in(*h 
4n diameter. At bright cherry heat, a])oiit 900'^ (k 1 n>r)2'“ | , tlu‘ con- 

version's 95 to 96%. A unit burning 24 pounds of NMI;. \u^v houi* lias a 
gauze cylinder 4 inches in diameter, and 7 im‘hes higli ; its lifi' is (> to 12 
months. The warmed anhydrous ammonia gas must, pass an (*xpansion 
valve, which is regulated by a Smoot regulator. 'Dw volunu‘ of air fial 
in by a separate blower, is filtered at its entry to the blowia-, an<{ again 
after it is hot through a (Mid-Wc.st) filter having an oih‘(l filtt‘ring 
surface for the retention of dust particles. The ammonia-air mixturi* 
is constantly analyzed and its composition indi(*at<'d by a. Uanar<‘x 
anal^^zcr (chapter 46). The operation of the o.xidation unit is (aitirel\* 
automatic; the chamber man sights the })latinum gaiizc‘ for (*oloi\ and 
reads the Banarex; adjustments for different poundages to Ix^ hunuMl :\vv 
readily made. 


SoURClilS OF ScTUFTIIl .T^IOXllVIO 


The main source of sulfur dioxide is the burning of hrimst.oiu* or of 
iron pyrite. In 1929, 66 per cent of the sulfuric acid made was fr<mi 
burning brimstone, 17 per cent from iwrite, anti 17 TK‘.r <‘ent from snuttta- 
gases; for 1935, the figures arc very similar. Jioforo the war (Mn(‘rgejH*y , 
only 2.2 per cent of the acid was made from brimstone, the rc‘st from 
pyrite or other sulfides, mainly imported. In 1935, (>40,900 tons of 50'" 
Be. acid were manufactured from zinc and copper smelter gascss. A 
burner for sulfur is described in Part II of this chapter. Acid for pharma- 
ceutical use was always made from brimstone.'^ The sources of brim- 
stone sulfur are discussed in Chapter 38. 


® IT. S. Patient 1,748,64:6. 

Bnff ^ makes further gains in chamber plants, 

S. Pharmacopoeia, PhUadelphia. J. B. Lippincott, 1926. 


Tlicotlorc R. 01ivt‘, Chvm, il/e£. 
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Pure pyrite, FeSo, contains 53.4 per cent sulfur. It is seldom found 
pure, but if it contains 42 per cent sulfur or more it is suitable lor suit uric 
acid manufacture. The arsenic content is imi^ortant; less than 0.2 per 
cent arsenic is desirable for the chamber process, and iinpera/tive lor 
the contact process. 

Iron pyrite is imported from Spain (in 1935, 387,140 tons), whicli can 
supply the j:>lants on the Atlantic seaboard advanta^Of^usly. ddiis soxii-ce 
is less imx:)ortant now than before the war; an increasin:ti;ly ^i*eatei- c]uant.ity 
of the native dej^osits is being cxi)loited. ISTciirly all the States liaA^e iron 
pyrite rock; tlie production is of imiiortance in ISTew Vork, Virginia, 
Georgia, Alabama, and Alissouri. 

Pyrrhotite, FctS^, is more difficult to burn than i^yrite; it, is usc‘d in ])u(; 
one jolant,*^ where the Plcrrcshofl* rotary fin-nacc or burner, dt\s<*i*i] )C'd below, 
handles this ore successfully. 

The production of pyrite and i)yri-hotile coml)in('d in tlu' Si nil's 

was 506,215 long tons, with a suhiir eipiivnk'nl of 109,457 long ions, ior 
the year 1935. 


Figure 6. — A rotiLry shelf burner for 
lines; A, inlet for cooling air; 
outlet for cooling air, after it has 
swept through the rotating arms ; 
C, inlot for combustion air; Z), 
outlet for sulfur dioxide gas; 
inlet for the ore ; F, out.let for the 
cinders. 



Tlie Rotary Burner for Fines. Pyrite fines, the screcaiirigs from tho 
lump ore, were at one time waste; the lumi)s were salable, \vhile the (iiu's, 
unavoidably formed in the process of mining and tranHi)orting, cjould not hc' 
used because they choked the fire in the him]) burner. ''Phe fines wcm'c^ dis- 
liked also because of the considerable cpiantity of iron oxuU^ dust whicli 
is carried by the combustion gas. They arc now buriHul in uutoinatie 
rotary shelf burners (see Fig. 6) with horizontal shelves and air-cooled 
raking arms (Herreshoff, Wedge). The spent cinders iire discharged 
continuously from the lowest shelf. With the devcdopnicnt of tlieHO 


® The plant of the General Chemical Company at Pulaski, Va, 
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rotary burners, and of tlie Howard dust cliaiiilita* whicli iu*rniits tin* i'nu‘ 
dust to settle out and thus cleans the e;as iiU‘xpc‘iisi\'el\- , tlie fuirs h:iv(‘ 
become as valuable as the luiii]')s. 

The Cottrell electrical precipitator-* is suc<‘essfull y list'd foi’ rt m m )\'ui<>; 
iron oxide dust from burner gas. 

A method and apparatus for recovering; sulfur dloxidt' from wastt* 
ferrous sulfate licxuors has been devised.’^* 

The purification of refiner gas or natural gas by tiu' phenolalo pi-oct^ss 
{see chaioter 14) leads to the recovery of vast amounts of hydrogt'ii sultidi*, 
which is now (1937) a source of sulfur dioxide' for oiu' acid plant, and will 
serve many more in the course ot the c-oining Vi'ars, 

Flash Combustion Roasting of Iron Pyrited ^ An (*iitir(‘l> nt‘\v 
way to burn pyvite, adai^ited xn*iniarily for tlu' \'t'ry liiu' powaUu’ t)btaiii('(l 
by the flotation process of treating the ore, lias Iit'c'ii d(‘\'(*Iopt‘d . It 
consists in feeding the pyrite i^owder witli a small supply of aomprosstM 1 
air into a combustion chamber; sec-on dary (-oinhuslion air ctimes up 
from below. The c^ro burns as powdered coal doc's. ddu' high t (*nip(*i‘at lire 
of 1000^ C. (1832^ F.) is allowed to dc'vc'lop, in order to prex'eiit the 
formation of sulfur trioxidc at tliis stage. Hapid (*ooling is pro\'i<led by a 
fire tube boiler followed by a scrubbing towc'i*. 



7. — Oifigi’Min of ni:i ( orin I--- P ir :i 
t*haiul>oi- plant whieh is to prothu-c 
*10 tons of r>r>” lio. sulfuric aciO prr 
<la>'. rclalioiis gisen a ro tlu' 

1 lit'orc'l ieal onus, inasimu-li as ino.'-.t 
])lau1s aliutisi I’cacli llu'sc f3^.urf'S. 

Wat.('r of (lilulion amounting t«> 12.2 
tons is not inchaU'd in fho diagi'ani. 


Reactions in the HSTitric Oxide-Suefuric Acid Pk<k!ess 


A set of reactions for the nitric oxiclo-sulfurie acid nrocoss lias Ix'cu 
given by Ernst Berl, formerly a student and co-worker of ( Jeorge* Euiige. 
The following cycle of reactions has been selected from that table, and 


Chapter 43. 

See flowsheet, Chem, Met, Eng., 42, 699 (1935). 

riQO'N of the lead chamber process,"’ Ernst Berl, Traris. Am. Inst. Chein. Bug., 31 , 193 

202^113’ ri93n^*^a^d vf' C1931), Berl and H. Saengrer ; Z. anorganUcht ri Oht-mU^r 

I CAe^, 4?821 (iK W "j autiiors ; and 208,124. B.-rl a.ul K. Wi.muck.rr; 
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R^ctiction MccliiJLnism : Sulfuric Acitl-isifrio Oxide l^rocosrs 
SOi: -1- -i-Oo H- + 54 Ctil . I.unj^-( -.Horl 

1. 2]SrO -1- 0» — >2]NrOo homo^zioneoiis, in Uie i!::us pha.sc ; t rinK^leauliir 

2. SO^ d- H^O PT^^SOa 

3. tI.S03 -1- NO 3 — > (IT^SOOKO 

Diolct (icid li('t erojA’('n('C)us, in 

4a. 2 (I-l 3 SO..)KO + iOAKOO — > 2SO:.NH -i- lUCXNO) the 

‘nilroiiyl i»n s -1 i( pi i( 1 surface' 

su.lf’u.ric arid 

5a. 2SOr.lNfII + SO:, -f- 2IL.O ^ 2(H:.SO.,)NO H II::S( >, 

4b. (I-ToSOONO II-SOi d- h(Mn(rj;('n('o\is, in 

5b. 2 SO.-.XH d IIX3 ^ 2H::SO.t d- XO -h N'C b the 

5c. SO.-.XH; d- 11X03 ^ IT 3 SO.. d- 2X0::(X::0.) licpiid phaS(‘ 

represents the reaction mechanism for the cliainV)ei*s when opc'ratc'd at 
the usual x:)rcissiircd'^ tliat is, one or two imdic's of \va.tc‘r hedow at me )si)i 
pressure. The reactions will explain thenisel ves. 



Fi<a:Ri{: 8 — Cycdo of reactions in ^.he. sulfuric, acid c-haiuhurs, wlu'ii op<a*iit iup; 

at noar-at.niosph('ri(! ])r(‘ssur<'. 


If this process is operated under pressure; tJie spa.(*.('. yi<dd rises; tlius 
in the atmospheric pressure system, there are pro(lii(‘od 

at 1 atmosphere pressure, IS pounds of 60° Be. acid/ht>ur/l(K) cul)i<! ft^ot 

at 25 atmospheres pressure, 62,300 pounds of 60° Be. aci<l/hour/ 100 cubic feet 

13 theory of Rashig, in which nitrous acid is the working agent, in siuinn*iria 5 <Hl in tlu' 

Journal of the Society of Chemical Industry for 1911, p. 166. 
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or 3000 times more. The cycle of rojictioiis for iiu' ])r(^ssuro sysU^m is 
given in the figure below. There is no large scale' installation wlii(»h lanhod- 
ies the pressure process at the present time (1037) ; it olTc'rs how(‘\*('r vta-y 
large yields for a small-sized apparatus, and a new an<l promising aj>i)li- 
cation of the sulfuric acid-nitric oxide i^rocess. It will })V not<'d that tlu‘ 
nitric oxide docs only a small part of the oxidation; most of it is <lon(' by 
the oxygen; hence the Gay Lussac tower w<nild Ix' small. 


S O -^“O o=H 2 s o 5 ^ 


Sialf-uric ac±d.-rLltric 
oxid.e press'u.i'e process 
[Ernst Eerl] 


a(H2S0j^)N0+i02* 


Vlolei 

acid. 


•L 02 





.lIIpO 

N.. 


^ 2:S0i-UK-4-Il20 

nitrosy^l 
sixlfuric acid 


2(H2SOi )-»-H2 SOj^ 

( WO ') L_L 


asoci'Tri+co-.+aiioO 

p 


E 2 SOJJ 


Under a pressure oT several atraosplieres , -tlie oxidation oT 
tlie violet acid will be perrormed by -tlno oxygen ibsoir, 
bub nob exclusively ; to a certain extent, blio ox.idablon 
vj-ill be by NO^^as.iu bbe atmospiierl c clnanibcr process. Hio 
liberated NO will.be oxidised at an accolerabodL paco,d.uo 
bo tbe niglier pressure, so btiab even Tor bliab meclianism, 
bbe lilghLer 'pressure will increase produebion por unib 
cbainber or cell space 


Figure 9. — Reaction cycle in the sulfuric acid-niU ic*. oxide pressure proet^ss ; 
the pressure may be 10, 25, or 50 iitniosplu'nvs. 


MoDER^^ Developments in the 


CONSTRUOTION OK ChlAMRKU SkTS 


Mixing of the gases is essential; this has led to th<; const.ruction of 
intermediate tow'ers, of small cubic capacity, ]')laccd between t.be (*h am- 
bers. (See Fig. 1.) The towers are packed with stoneware rings, foi'oing 
intimate contact of reacting gases, resulting in a high production of acidd'* 
A. great deal of acid is made in the Glover tower, perhaps 10 por 
cent of the total. The conditions in the cooler parts of the tower arc 


'^Tlie naaxiufacture of sulphuric acid in the XJ S * 
Mtn&s Bull. No- 184, (19201, p. 108. 


E. Wells anti JD. K. Eoicia:, 
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propitiox.is ; the temperature is high enough, water is abundant, the con- 
tact of sulfur dioxide, air, and nitrous acid intimate. This suggested tlie 
scheme of providing a second Glover tower, in which more aedd might be 
made, before the chambers began their work. The Pratt converter is 
based upon this consideration. The first chamber is very large, com- 
prising 75 per cent of the total chamber space. The reacting gases leave 
this chamber and enter a quartz packed ‘T^onverter’^ tower in wliicli 
intimate mixing is afforded and a considerable amount of acid made. 
From the tower the greater part of the. gases are returned to a fan whicdi 
feeds them into the first cliamber again; a smaller portion passes to tlu^ 
second and third chambers. 

The Anaconda Copper Mining Company has gone not merely a step 
farther, but all tlie way; its plant is all Glover tower, tlici*e arc^ no 
chambers. The acid is made in acid-proof brick colls. ^PIu' cooling is 
no longer by air, but by chamber acid wliicli passes down tlic': cell towc'rs; 
this acid is then itself cooled in worms laid in lamning water, a.nd list'd 
over and over again. The acid made is thus cii‘culatcd Itm tinu's. Per 
pound of sulfur burned there is only 1 cubic fool of rtaiclion spact*. 


Figure 10. — Ga illard-Parrish sul- 
furic acid cliambors, erected 
1930, in Fond on, England. 
Chambers are equipped with 
Gaillard turbo-dispensers for 
internal dispersion of pi’e- 
cooled sulfuric acid. (Courtesy 
of Mr. Andrew M. Fairlio, 
Chemical Engineer, Atlanta, 
Ga.) 



For a number of sound reasons, F. J. Falding has constructed chum- 
bers 75 feet tall, a single chamber followed by a special cooling tower 
taking the place of a number of smaller ones, with excellent restilts. 

In order to use the gas from the copper blast furnaces for the manu- 
facture of sulfuric acid, in spite of its fluctuation between 2 and 6 per 
cent sulfur dioxide, A. M. Fairlie has devised a method 
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depend:^ on the maintenance of doK^irable ratios betwe^en tlu' siiliur dioxidt' 
in the ^:as enterino- the Glover tower and the ^‘a-s in hrsl eliainbca*. 

This is accoinplislied by i)ottine; varyinsr amounts of nilre to inc'cd tlu^ 
variationsd^^ 

The Gaillard-Parrish eylindrieal sulfuric acid (diamber iias ilw tin-bo- 
dispersor of Gaillard, mounted at tlie top of the tower-likc^ cdianibca* 
devised by Parrish. [See Fig,, 10.) The reaction takes i>hi(*e in (he licpiid 
phase; the turbo-bknver delivers inside the tower tiiud\' di\d(h‘d eoolrd 
acid, which forms a fog, filling the cliainbcr. It is on the* surfa<a* of (he* 
droplets of this fog that the reaction takes place. A (*oiisich*ra.})h‘. \'ohini<* 
of acid is withdrawn from the base, cooled in lead (‘oils laid in cold \\'a.((*r, 
and pumped into the turbo-disperser-; this acid absorl^s mu(*h of tlie In'al 
of reaction, and thus favors its i)rogress. The clianibt*!- is also (‘ooltMl at 
the to}). 



r'icoKi-: 11. - ■ 

M ills - Packard sul- 
furic' ac'id chauihi-rs, 
t r VI n c a ( c <1 conc- 
sha p( ‘d , outside 
\va tor - co( >l( *t I , f r< 
from t* 11 c 1 o s i n ti; 
s( ruc'l ur(*s ; I la* < Ja \‘- 
I jUssa c am I ( d o\fr 
1o\V(‘rs arc to the 
rijLiiv I . ( ( k )ur( c's.n* of 

i\i r. A n < 1 re \v M . 
kkdrlic, ( di<* m i ca 1 
10nu:iu('( ‘r, Atlanta, 
Chi.) 


The JVlills-Packard sulfuric acid chambers are shapc^l like* a trun- 
cated cone with the large side down; the avci*age dimemsion would be* 
35 feet diameter at the base, 32 feet diameter at tlie top, iinel 50 f<‘et, 
for the height, with a cubical content of about 44,000 enibie*, f(*cdi ( h^ig. 11). 
The outside walls arc water cooled by a curtain of water c*xtc*nding from 
the top all the way down. The removal of heat ])roin()i.(*s tlui i‘c*ii<d ion, 
and in a small chamber space, more sulfur dioxide is oxielizc'd than 
would be without the water cooling. 

Both the Mills-Packard and the Gaillard-Parrish chambers are ena*ct,<*d 
in the open, as the photographs in Figures 10 and 11 indie^ate, so that tlu* 
expense of an enclosing building is avoided. 


Installed at the Tennessee Copper Co.; covered by TJ. S. Patents 1,20.5,733-4. 
xe Percy Parrish, “Uiquid phase operation of sulphuric acid chambers plains siKiiiriennct' in 
Europe,” Chem, Met. Eng., 36, 68 (1929) ; also “TVienTial aspect of liquid phnse Hulfxirie acid pro- 
duction,” 37, 93 (1930). 


Ch&m. Met. Eng., 37, 468 C1Q30) ; Trans. Inst. Chem. Eng. 
Eng., 24, 786 C1921) ; and British Patents 247,744 and 239,397. 


(Brit,), 5, 42 C1927); 


Chvm. Mvt, 
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A coinparist)!! of tho onicioncy of tlui niorc^ ini])ortan( (■h;un])or sy.sfein.s 
is bolow. 


'rAiU.K 1. — h'jji r/ i n (' {/ t)j Sulfiinr Ai'ni ( * h f/i h( rs Si/sirz/i in of 


i 'linll 1 I MM s 


Mills-Parkui-a 

( Jailliin l-Iku-rish . . . 

Alia iHiiida (•< ‘11s 


jMM- piiuiid <ji‘ liriiii- 
sl<iiu» pt*r 

21 h<mrs (annual 

- 7.5-S.O 

- 2 .r>-:i.o 

- 2 .r)-: 5 .() 

1 .0 (approx.') 


CooUmI by 

a ir 

\va tor 

<•< )1( i-a(*itl-(*ir<‘nla I ('( I 
('()!( l-acid-cii-fii la f {‘d 


Two otlu'i* proc('ss(‘s dosc'rvi' nuddion, 
t‘t.^:ssi‘ul opt'ration at tiio ])rcs(‘n( thi\v 


al i lioTioh ludllu'r is in su(*- 
ar(' liu' Sohm’uaUd prooi'ss 



Kaa'KK lla. A <-lt)Sor \ir\v of two M ills-Packa rd olumdiors for tlu* nianu- 
I’aoluro of '-uirurio aritl l>y 1 lio uitrii* oxiilo pn>oi‘ss. ( ( 'oiir ( f of iMr. 

A, M. k'airlio, Atlanta, ( ka . > 


ill whitdi nit rosy] sulfuric acid is spraycal into tlu* sulfur (lioxitl(‘ ^L!:;as in 
ordcu' to iirovidt* as ^rt^al a (‘outuct as possibhy and pr(‘ssur(‘ i>ro(*(‘ss 

(Icb^^i^iK^d for a d-ton pia* day producd ion J in which sulfur ^;'as is inlro- 
( 1 uc(h 1 into a stailod tow<*r 18 inches in dianud.i*r, which rt^pluctbs Uk^ 
cliainbcu's. It is tlu* rapicl d(‘V(dopnient in contact catalysis whit'h has 
prtjventcd tlu' (exploitation of tlu'st* jirocH'sscs in the Uniti'd Stal(*>s. ’'Plu* 
Schinicclcl proc^css is opi*ratt*d in sonu* of tlu^ fort^i^n [daiits. 

Concentration. ehuinbcr acid nuiy lx* coiu*i*nl rait'd vvit-hoxit 

exj>ense for fiud from its normal strength of 55 “ to (> 0 “ Be, by means of 


’STT. S. 1.399,5*26 niut 1,512, HC53. 

’“XT. S. Pattiit 
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lead pans placed over the lump burners. It may be concent rat ihI io the 
still more valuable 66"^ Be. acid with the aid of coal or oil iivv. In the 
cascade system, the acid passes through a series of imns sc‘t stepwise so 
that each pan overflows into the next lower one; the hottest fire is near 
the low’est one which contains the strongest acid. The i):ins are glass, 
silica or duriron. 

In the Cliemico Concentrator-*^ hot fire gases from an oil l>urnc‘r ar<‘ 
passed through the acid, and remove w^atcr. 

In another system, the gas from an oil burner i>asses up a, (owcm* 
5 feet square and 39 feet high, packed with quartz, while the ac*.id passt^s 
down the tower; w’^ater is carried out by the gases; they de]'>t)sit su(‘h 
sulfuric acid mist as they may form with water in a. wed-ted coke box. 
The capacity for such a tower is high, 24 tons of GG° Be. a<‘i<l ])(a* day. 

It is not possible to concentrate chamber acid above (>()“ Be, by lu^at, 
because above such strength the acid decomposes. 

Prices. The prices for raw materials vary on acccnint of market- 
conditions and for other reasons. The price of the product varices also, 
depending upon market conditions, length of contract, and on sj )t‘cifi(‘a- 
tions. The figures below are intended merely to indicate the usual pri(‘e 
range. 

Iron pyrite sells for $6 to $8 a ton, if the sulfur content is 45 per caad , 
hence the sulfur it contains costs 0.35 to 0.4 cents a pound. BrimstoiK* 
is near 1 cent a pound. Chamber acid in 1935 averaged $7.83 a ion for 
50° Be. strength. Ammonia has been quoted as low as 5 cents a pound in 
carload lots^ for the 100 per cent grade. 

The cost of erection of a chamber plant is estimated at $3,()()() ]ycr 
ton of 60° Be. acid produced per day. 


Problems 


1. In the brimstone-biirmng chamber plant described in the text-, th<' luindx'v 

and dimensions of the chambers are given, as well as the pounds of sulfur l)urne<l 
per hour. Compute the total chamber space available; extend the of sxdfur 

burned to 24 hours, and find the space efiGicioncy figure, them eoni])are it. witli the 
figure in the text. 

2. Find the pounds of 50° Be. acid which may bo made from 1 ]>oun<l of sulfur 
What IS the percentage yield, if for each pound of sulfur, 4.90 i)ounds of acid are' 
made r 


3. Find the weigM of water which must be furnished per day for <he amount 
ot acid made per day in the brimstone-burning set. 

„ 4 . same set if the nitric gas loss is 3 per cent of total nitric oxide in (he 

set, including the Gay-Lussac acid, what is the total nitric oxide iireaent? 

Burning a pound of NHa to nitric oxide is equivalent to potting how numv 
pounds of sodium nitrate, 100 per cent pure? Check the figure given in thc' t('Xt. 
6. In the burner house, six burners of the rotating type receive 1000 pountls of 
every hour. The gas passes to 5 MillVPaekard chan!;^ber^^^^^ 

Jibif faX 

percentages of HaSO. for the several strengths will be found in the text. 


Th.e Chemical Construction Corpn., N. Y. 
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S. I^ct tilt' \'<)luiiic' of from Iho Iniriiors })o 8 pc'r ociit SO-. lii th(' lirsi- .sc'‘t 

dcacribocl, in wliifh fh(’ sulfur < k'livrn-c'ci l.o tli(^ j*;as is 30 X 10<X) X 0.38 p('r <lay, \vha.( 
is the weight, of Ihc' sulfur (‘<iui\-a Ic'iit , and of IIk' sulfur <lit^xi(k^ prodiuaNl, in pouinls? 
What is th(' \'oliimo of tlu' r('sultin^»: 8 p<?r ooiif, S<.):j <»:as? 'TIk' ?js:ram mole and Ihf^ 
^^ram rnolecailar volume* in li1t*rs may be* use'd, wk h a, e^on ven-sion figure takc'ii from 
the apix'iidix. Kor tiiis pnriM)S(', assunu* that tin* p:as is at. S^FF. hot the 8 pt‘r 
f»;as bo d<di\’C'i*{*< 1 (hroufili a 3()-in<‘h <liam«'t(*r liin* lo tlu* systc'iu; wliat is ils ve ‘loi*il V', 
ill feet per s('(*ond? d'o iiiid it,, compute' the' volume' e>f 8 ]><*r ea'iit. } 2 :u^ si'r\(‘d i>e*r 
second- If the' p;as lias a. 1 t'ln j u'ra 1 ure* of 200'" 193.3'" Chi whe'ii passiiit;’ l.ll^ou^J;h 

thei 36-im*h line', what is its \'e*le>eMt y ? 

9. W'hati is the* cost, of ma te'rials for inakinjj;; 40 t ons of 50''' He', sulfuric^ ac'id per 
day, Ii>'' burning*: brinistoiit*, when the* la tte'r is bouiihl at. $17.t)l a ton e>f 2CK)0 ]>oimds. 

plus 1 pe'r ce'iit. for fre'i^ht? d'lu' wat<*r is fre'('. 

10. ''rhe roeif and the* side's of the' e*haml)(‘rs are* made' t A' s< '\e‘n-pou nd Ic'ael, that, 
is, of slie'e't k‘ael we'i^liin”; s<*\<‘n pounds to the* sepiare* fool; the* hot. tom is lO-pound 
load. For the* s(*l of 12 chanilx’rs of the* brimst on<‘-burnin,i»: plant, what, is the* 

W(Up;ht of tin* k'ad reejuire'd, and wliat ils c*ost , if the* slu'e'ts as d<’Ii\'(*re< I are (>.5 
cents a iienind? An aelditional amount will lx* n<*e<l<*d foi* the* < aissae*. towe'r, 

for llie^ (Jlove'r, and for the* ceiolinp; tanks and tlu'ir e-oolinjLi; coils at the* foot e>f the? 
Glover. 



The difficult step in the nianufacHirc of sidfuric arid hi/ atnj jirai'rss 
is the change of sidfur dioxiide to sulfur trioxide. If sulfur burru d to 
form at orice the trioxi.de, there u^mdd have bec7r no opport unit t/ for 
many fine 7 ninds to exeixise their inventiveness and. higrnuity; hut if 
bu 7 'ns to the dioxide only. In the cha7nher process, this is arrani plishrd 
with the aid of nit7'OUS acid; in the contact process, this sa/ue sfrji is 
acco 7 nplished ivith the aid of a solid substa7ice called, the contact sub- 
stance because zvhen S7dfur dioxide and oxygen axe in contact irith it. at 
the p 7 'ope 7 ' tem,peratu7'e, they xinite to form the desii'cd sulfur tno.nde, 
which, xeith water, gives sulfu7~ic acid. 


Chapter 1 — Continued 

Sulfuric Acid — Part II — The Contact Process 


The contact yirocess became a llrnily established iiidiist ria I procc'ss 
at the turn of the century; until very recently, the contact nuit canal was 
mainly finely divided platinum on an asbestos carrier oi* on a calciiuMl 
magnesium sulfate carrier. Of secondary importance was iron oxide' as 
contact material. The situation has changed entirely sim*c» 192C>, wIhmi 
the introduction of vanadium pentoxide as tlie contac“t su]>sianc(* took 
place. This less expensive agent is not used as such, l)ut is always su[)- 
ported by an inert carrier such as diatomaceous earth, which <lo(*s not 
fuse at the high temperatures | around 450'^ C. (842‘'' h\) \ i‘niplo\'(‘d. 
Its service has been so satisfactory that it may be c'st iTna.t (‘d that, for 
1935, over half of the contact acid was nianid^ictured with tlic'. aid of 
a vanadium pentoxide catalyst. For that year, the total product ion of 
the acid by all processes, including chambers, was 6,462,212 tons 50'’ He. 
acid, of wdiich 47,2 per cent may be assigned to the contact pro<*('ss('s. At 
the same time, platinum as contact agent has staged a rcudvah in thc^ 
form of a very efficient platinized silica gel, which needs but a fra<*.tion 
of the metal previously required for the conversion of a givt'n (plant it y 
of sulfur dioxide. 

The various j>roccs>scs may be grouped togetliei* as follows: 


Cox T A CT I^ROC rKSSKS 


Higrh platinum 
400 ^ams of 
Pt daily ton of 
100% acid 


Iron oxide 
followed 
by Pt 
Mannheim 


TjOw platinum 
62.2 grams of 
Pt per daily 
ton of 100% acid 


Viinadiuin 
r>ent.oxi(l(' 
m lissc's 


Platinized 

asbestos 

I 

Badische 

or 

Tentelew 


Platinized 
magnesium 
sulfate 
Grill o 


Platinized 
silica gel 
(new) 


Seldcn 

ChemLco 

using 

Selden 

mass 


oiarna 


iViCJIl- 


sant-o 
Oalco 
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All tlic^ f‘()ntiu*t i)rc)(‘c'ssc‘s ])i'u(lu<*c‘ sulfur trioxidr, i]ic aii}iy( lri( U‘ of 
sulfuric iicicl. It is a ^as at tiiiy teni]')crature above 45'’ Cb (115" ) 

and atmospheric ])ressure. In water, it dissolve^ expIosi\'el v , bid- in 
sulfuric acid of 98 per (*c‘nt strcaigth, it dissolves smoothly, and this a.(*i(l 
is the coiunion absorI)ent. 

The i-eac*tion 2S( )o -f- C )o — >280:^, whieli iakc\s phu‘e in tlu^ <M>n\’(M't la* 
(under ]>ro])er woi'kinjji; eond it ions ) , takc‘s ])la<*c‘ luairly to (‘oinj )le( ion 
(to 97 }>er c*ent conij >lc‘t ion ) , at a t(‘nip(a*at urt' of about 450'' Cl. (842'' 

The catalyst may bt‘ platinum,^ vanadium pcait oxi< ha or iron oxi<ha At 
temi)ei*at urt‘s apj >r(‘eiably bcdow 450" (h (842‘ h\ I , sulfur dioxide escapes 
oxidation. At t caiipca-at urc‘s appiaadal >1 y higher, llu‘ oi)posi(e la'acdion, 
2S();{ — > 2S( (> 1 ., tak(*s placcv tlu' rc^sult in (‘il hca* eas(‘ is tin' same, 

namely, thc^ eonvta*sion falls bc4ow 97 pen* <Huit. 44i(‘ (‘on v<.‘rsion (ie;ui-(‘ 
is obtaiiual by dix'idinjL;’ tlu^ sulfur dioxide^ whi{‘h is oxidiraal by the sulfur 
dioxide fiul into tlu^ eon\a‘rt cu*, and mult i]>ly iipe; by lOO. C>n closer (‘xami- 
nation, it is found that tlu^ rat(‘ of rtau'tion 2S( )-^ -t~ ( )- — 2S( is 

only nK^jiUa'id :it 400' (\ ( 752’ ‘ h\ ) , but it incr(‘asc‘s taiormously with a 

rise in l(an])(‘rat ure. "'bhus tit 500' Cb (952" h\ ) it is 40 tinu‘s as .e;r(‘at 

as at 400" ( 4 . (752 ' h\ ) . B\' ratt‘ of ri‘a<‘tion is nuaant tin* amount ()r 

sidfur dioxide* (*onvert(‘d in unit time*. 44u* o]>ju)sit(‘ rea<4ion, 2S( );. — 
2SC):> 4- C)i», is also aeceh‘i*at ed b\' a rise* in t (‘Uipt'rat u rt*, ])ut l)ee()m(*s 
ai^jirca^iabU^ only at muc'h hi.ulu*!* t tani )i‘rat uri^s. I^'or i‘xam])l(a at 400 
(752*^ T.) it. hardly tak(‘s placa* at all; wldh* at 550" Cb (1022" I , its 
rate is hi.e;h enou^uh to pr*oduc(* a fair amount, of tin* lo\V(*r oxid(*. Ib'iua^ 
it would be ad vant aiL!;(‘ous to i^rovide a t enipc'rat ure of 550" Cb ( 1022" I'b ) 
to thc^ e;as as it ('nt(*rs tin* <*atalyst. mass, and th(‘n a.f((‘r 80 per coni. 
coi:ivt*rsion or so, to (*ool the e;as .gradually, so that as it sw(‘(*]>s tliroipah 
tlit‘ last i)oi‘tionsof tlu* mass, the* t (‘luptaait ur(‘ would be* 425" (b (797" I^b I . 
In this way a i*ai)id naiction, and at tin* same time a. ITpali (*on \a*rsion 
should b(' iittaiiu‘d. 

'^riu* oxidation r(‘aetion is (*,xot ]i(*rmi<* : 2S( > 1 . f- ( )o 2S( >;i } 45.2 (bal- 
ories. Tdiis h(*al must. In^ dissi])at(‘d in tlu* i)rop(‘r d(\a’i*(*(*, in oi*der to 
prevent excc*ssivc‘ t canpcu'at urc*s which would <*tiust* (lu* ix'vt'rsc* rt*a(‘- 
tion 2S(>:{ - 2SO.J -P ( to procaaal vi,a(>rously. More* than (‘noiUi;li btait 

is p:encu*ated to maintain tlu*. apparatus at. the proix'r t enp >era.i urtu and 
to prelieat tlu‘ inc-oinini*: ^'us(',s. 

The catiilytic^ lauicdion 2S()o -p ( 2S( );* is a rc‘\a*rsibh‘ i’(aLclion, It 
is desirable to driven it to tl\e ri^ht. The law of (‘onciait ration oiYvrt 
(the mass law) recpiires that the concentration of ona* of tlu^ Ibudors 
(SOo or Oij) be incrtaised, if it be desired to in(*r(*ase tlu^ formal-ion of 
the product. By increasinji; the concent ration of tlu^ oxyM:cu, more* of 
the product is formed, while at the sunui tinup th<^ sulfur dioxidt^ is 

^ The honor of having <UHoovoro<l that pintinuio oatalvv:t*d tht' rt*iu‘tion to fono Iho trinstido 
belonfc.*? to Pc?!r#‘*i:rin(» Jr., of Bristol, KnfUlaiul <1831). eiatiumnl waM 

first by tlio KnKliHhnmn JuUioxi (1846). 
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nearly exhausted.^ The burner gas contains 8 j^er ecait SO-j whicdi would 
require only 4 per cent O 2 lor the reaction as writtcai, but 10 pt'r <a‘nt and 
more is always provided, an excess of 150 per cent or innj'tu thus insuring 
a high conversion figure. 

The conversion depends furthermore upon the tcniipin-iil iirtu the p(‘ri(><l 
of contact^ that is, the relation between volume of muss and (ai})i<‘ feet 
of gas, and upon the activity of the mass. The (‘ommcrcdal inst alhit ions 
illustrate all these factors. 

The function of the contact substance is to adsorl) at its surface* tiui 
reacting gases; in the closer proximity which results, (‘ouple<l witli the 
high activation caused by the higli temperature, the* s\u*ct*ssful collisions 
are enormously increased in number and the S])eed of rc'aedion is corn*- 
spondingly raised. In the case of platinum, surfa<‘e aelsorption is tlu* 
only function; for the vanadium pentoxido (or other oxidc‘s), it is more* 
likely that the v^arious oxides of vanadium do take i:)art in ilu* a<*tie)n, tla* 
higher oxides giving up oxygen, but coiitiniuilly rcd‘ormt‘<l by the* incoming 
oxygen, so that they are found unchanged aftca* tlu* r(ai<-tie>n. It may 
be said, therefore, that the contact substance in any i>ro(*c*ss is un<*hangi‘d 
after a period of years. Commonly, the lifi*. of a mass is lak(‘n to lx* 
10 years. The subject of j:)oisoning is presi^nl (*<1 afte*!- the plants have* 
been described. 

Additional discussion on catalytic. i*euctions will 1)(‘ found in (Miap- 
ter 25. 


Tim Ci-mxiico Prock.ss with VANAniOM TMass 


A Chemico contact sulfuric acid plant of eai>aeity of 17 tons 100 
per cent H 2 SO 4 a day will be described as ty])i(':a] of tin* in<jst advane(»d 

2 At any one definite teinporatiire \vithin the i-aiiKt'! c.nu<M‘rn<*( I, nnil in tli. 
catalyst, an CQuilibrium between the sases SOo, 0« anti SO;, will 
time is allowed. The value for the eci^xiilibriiim constant in the furinula 


] ireseiiee of the 
im>vi(h-tl euou{,)r!i 


ICv 


(/^SO:0 


using partial prossviros in atmospheres, foi- the teini-ierature.s ol)Rerve<l in prne-j ii’c, is: 


T emp eratur e 
400® C. 

425 
450 


/vj. 

407 

255 

145 


A".- 

100,700 

01,000 

35,300 


terms of mols per c-c., for tlio same reaction, the vuIucm under 


1C 

+7^^^ reader will please note that the expresKion. applies to the rcaetion SO-, h fiO-. not 

for the reaction written with twice tins munher <*1 luoleoules ; for tiic 
reSprocal constant w'dl be the square of the al)ove valui^H ; for tlie th«* 

point out that it is tlie constant K whicli does not while the 

V be altered. If the conceulmtion of oxv^en i.*< inoreaH»''d. 

. maintam the value, of AT, aBMUiuiuK the cliauKe in 

what happens^ when a 100 or 200 per eemt exe-enn t^xypeen is l^*^'o'• 


the value gases inay ue lu . xi xae ooncema'inaon ot oxygen i: 

to be rilativelv vaUip of rc, aBMVUuiutt the cliauKe in C/'H<);U 

v?derl ^ IS what happens when a 100 or 200 per cent exeesH oxvpcen is pr/*- 

^ idea. IC may also be expressed m terms of tt^^ constants of the reaction rate, ki for* the forwartl 

reaction, 7cz for the reverse reaction, then K = 

• - L.i--- vcbt.u.c: ux biXe eciunionuiTi c 

.g a” ■as"g. «J3r"„”ss 

f JetSe, zSd 19 830 ^=^ 07 ^ conditions in contact «ulfur4 twdd manii- 


researches on the value of the eQuilibrium constant, specific rate constant, anti 



f 



^GCRE 12. — Diagrammatic flow-sheet for the Chemico sulfuric acid contii^ct jjroce.ss. with vanadium pentoxide mass 1 fan- 
2, sulfur bui-ner with melted sulfur tank below; 3, boiler; 4. converter; 5. natural draft cooler; 6, oleum tower; 7 and 8 98% acid 
tower; 9 and 10, towers for diying combustion air. (Sketched through courtesy of the Eastman Kodak Conipanv Rochester 
N. Y., and the Chemical Constniction Corpn., Xew York.) ' ’ 
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practice of the present period. It has many features wliieli will ht‘ wel- 
comed by the student, particularly two: simplicity and (‘oiupacd ness. 
The simplicity of the plant results in large part from the use of brim- 
stone sulfur as raw material; all auxiliary apparatus for cleaning hTiriu'r 
gas, from the combustion of pyritc, is absent. Sulfur is ineHt'd, buriUMl 
with air in the special spray burner, the combustion gases, wiili 7 or 8 
per cent SO:> are cooled by passing them through a wa.st<.‘ 1 k\‘U boiler, 
and then enter the converter. One important purificat ion is i)ro\'idc‘<b 
however, and that is: tlic air is dried. Tlie drying avoids a. number of 
difficulties, such as corrosion of parts and mist formation. Tin' r(}in- 
pactness of the plant is such that it is housed complete in what might 
be a good-sized room, with five towers just outside. 

The diagrammatic flow-sheet in Figure 12 , drawn irom a.n actual 
plant, gives the sequence of oi:)erations. Melted sulfur is foi*c*(‘d through 
the spray burner tip by a steam-driven turbine, submergcal in thc' suliur. 
The pressure on the melted sulfur is sufficient to drive it through a. spiral 
cut in the adjustable valve rod (needle valve type), so that, it ac*quircs 
a rotary motion and is discharged into the burner in a wide arc. ^Flu' 
dried combustion air (at F. or 41° C.) enters at (he si<h's of llu; 

burner tip. The burning chamber for burning 5 (or (>) tons of sidfur 
per day is a cylinder lying on its side, 7 feet high and 17 ft'ct. long. It 
is of steel, brick-lincd, with alternately hanging archc's and briilges as 
baffles. The gases leave the burner at 771° C. (1490° ) , ;ind pass 

through the water-surrounded tubes of a boiler. 

On leaving the latter, tlie gases, with temperature 304“ (b (580“ 1 ^\ ) , 
enter the converter, which carries the contact mass in two lay(M*s: 1800 
pounds in the lower layer, 1200 pounds in the upper. ( )nc^ pound of tlic 
catalyst occupies one liter volume. The internal arrangc'nu'ni s are as 
shown in Figure 13, which also gives the temperatures for (.he gas (and 
mass) at various levels. The lower layer is cooled by the ent.ca'ing gasc*s 
which reach the top of the risers, and are deflected downward by nu'ans 
of the slender thimbles inverted over them. In th(‘ up])er lay<M\ t]i(» 
mass is cooled by a current of cold air. In the lat.est form of ( fluMnie'o 
converter, shown further in the chai)tcr, the upiper hiyca' is not. cooh'<L 

On entering the bottom mass, the gases are 493° (b (920“ F. ) ; (> 
inches above the lowest la^^er, the maximum tcmi)eraf;ur(‘ is mcd'., 593“ Cb 
( 1100 ° F.) . On leaving the bottom mass (upper portion) tlvc^ gas is 
482° C. (900° F.) ; the temperature in the top layer, whei'c tlu* conver- 
sion is completed, is 438° C. (820° F.). 

The sulfur trioxidc gas produced is cooled by air draft, and entcM's 
the absorption towers, about 20 feet high and 4 feet in diameter, packed 
wuth 3-inch “spiral rings. The gas travels through the three towt'rs 
in series. In the first tower, 20 per cent oleum is made; the delivery 
from the tower enters the oleum collection tank, and is recirculate<l- With 
recirculation, a smaller tow'er is sufficient ; instead of a single pass down 
a large tower, many passes down the smaller tower provide the same 
absorption. In the second tower. 98 ner cent H 2 SO 4 acid is made, also 
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with recirculation; wliilc in the third, 93 per cent acid is made whit'li 
exhausts the ^as of its sulfur trioxide. Tlie waste gas is discharge<l ihroiigli 
the Stack- 

Two supplementary towers fed with 98 per cent aend are (‘onuectod 
to the suction side of the l^lower and remove the moisture', from tlie com- 
bustion air. 

Tlie recirculation of the acids is by means of sel f-i:>riming, s]MM'ial 
metal centrifugal T^a I3our ]^umps of very small size, set jnst above' c'a:ch 
tank; tlie (‘.apacity is 50 gallons per minute at 1750 rj)m. CMiap- 

ter 41 ) . 




Tc.mjo^raturA /n J}agr^as 

300 *400 soo 

I . I . I 1 I > I . I . r . I , I . I . i . 


6o 


KintTRio 13. — ^rh(‘ t ('in ppra 1 1 n'o for nnd mass at, various t'Vf'ls in I Ijo 

“Solden” vanadium i x'nt <7xid(^ ]iac*k('d ronvi'i'tcr for sulfur trioxido formation. 


The charge of sulfur is 500 ])ounds every hour, dump('<l into tlu' sulfur 
melting tank. The.', acid made is delivered from tlu' s<'.vc'ral tanks pt'riodi- 
cally, to oilier dc'iiartments or ta storage tanks. 

Control of Operation. The plant is i)ractieally a,iit oinat ic. No 
labor is recpiired exce]it for charging tlie sulfur. op('ra.i ion of llu' 

sulfur burner is controlled hy means of the temp<'rature of its exit/ gas 
which affects a resistance iiyrometer; shoidd the t.('nipera.tur(' drop, a, 
Wheatstone bridge is unbalanced, an<l the current wl)i<-h cun flow a<‘tu- 
ates a control which in turn allows more steam in the turbiiu^, so that 
more sulfur is delivered to the burner. The volume of air is sc't. If 
the temperature of the exit gas rises, the opi>ositc action results in decrcuis- 
ing the steam on the turbine. 

The 98 por cent acid is controlled by measxiring its cdeciricail con- 
ductivity, and this is checked periodically by the 'dieat rise” test, ns 
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dIIows: 200 cc. of 105 per cent H 3 SO 4 at temperature Ti, and 200 cc. 
f the acid to be tested having temperature Tn, are poured together and 
le temperature of the mixture, Ts, noted. The value of R is found from 
iie expression 

iTx A TA 

R = T., ; 

2 

^able 2 gives the percentage of the acid tested. 


Table 2. — Testing o] 98 Pei' Cent Acid for Stre7^gth by the Heat Rise T(‘s( 


R 

Per Cent 
ri-so.i 

2° C 

99.9 

4 

99.5 

6 

99.3 

8 

99.0 

10 

9S.7 

12 

9S.4 

14 

98.1 

16 

97.8 


R 

Per Ocuil, 
H-SO.t 

18 C 

97 .5 

20 

07.3 

22 

90.9 

24 

90.1 

26 

90.2 

28 

30 

90.1 

95.8 


The strength of the 20 per cent oleum and of the 93 per cent acid is 
lested by a hydrometer. 

The pressure of the air on inlet to burner is 55 inches of water, on 
die gas entering the converter 43 inches, leaving the converter 28 inches, 
lienee a differential of 28 inches due to the converter mass. Should this 
differential increase, it would mean that the mass was dirty, or hud bt'(U)ine 
plugged in some other way, 

Cliemico Converter, full size. A Clieinico converter foi* a ])liuit 
having a capacity of 40 tons of 100 per cent H 0 SO 4 per day, embodying 
the latest design, is shown in Figure 14. It will be noted that it has 
but one set of tubes, in the lower mass; the entering gases cool the mass, 
then pass through it, undergoing a preliminary conversion of about 85 
per cent. The tubes and thimbles are longer than in previous designs; 
also the thimbles are ^^calorized’^ ^ in order to increase their heat ix^sist- 
ance. The packing of the mass is as follows: Over the perforated plate, 
a wire netting is placed, which carries inch quartz i:>cbblcs to a height 
of 2 inches; over these, the catalyst is placed, uniform in size. Tlui 
conversion is completed in the upper layer, which receives no cooling. 
Other details and dimensions may be obtained from the sketch. 

Other -Processes. An installation using brimstone sulfur witli the 
Monsanto vanadium has a compactness ^ similar to that of the Chcmico 
process and an operation similarly neat. The low-platinum silica gel 
mass lends itself readily to similar installations. 

The Various Catalyst Masses. The catalyst masses of modern 
tvne best known in the United States are listed in Table 3 , with their 

pr<^€iss patented, by the General Electric Co. Aluminum is driven into tlio surface of 
mud. steel, by heating, forming aji aluminum alloy. 

* Uaniel S. Uinsmore, Tranks. A-wi. Inst. Cfiem.. Bn.g., 26. 158 C1931). 
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I^’kjitkk 14. — most form ( lil.S.'} > of tlic' ( Un'inico con vorl < m* with 

viLnaclinin pent oxide mass. If is <Mr<*nlar in <‘ross-st*c.t ion, has 7lt> ihini- 
bh‘s uiid tubes, ami a <'apacily «)f 40 tons per day. The (liimbles ami 
conbuct mass for the* left, half of tiu' drawing: liav<‘ I>t‘en omitt<ah in or<t«‘r 
to show tlic' ium'r risia-s through which the ^zjas <‘nttM*s. <Sket('he<l (hrotij^h 
coiirt.(\sy of the* C Uitnnicail (Joust rued itni Ck)rjjn., Nenv \'ork.) 

density, efficiency, and u})i)earanc(h Xlu; (^fruuen<‘-y is in itddus of tlu* 
daily pounds of sulftir as 8 per cent (ajnvtn'hdi ptu' of <*utulyst 

mass. 

Preparation of the Selden Mass. The vanadiuiu ptnitoxitU* mass 
known as the Selden mass, developed by l.^r. and used fc>r thi* 

Chemico installation just discussed, is made as follows: 

“ Takt*n fx*oin. the* court ftiidinpCK, Ptnlcral X>iftlrict CJoiirt for thi* Wositcn'ii Oisttrict t*t‘ iN^rmnyl - 
vania, in tlic^ of t-Ke Gcii<*^ral Olu'^micnl Oo. the Sf'hU'n C'^o. ; the h»rmi*r clmtnctl it» if 

ment of its patent 1,371,004 (Bhnna and Wolf). The court decided that tUf SeUU*u Cti. wtof iurt 
infrineinec. June 17, 1932. Since then the caae has been reoifonctl aiul im now uil tU*^ htutthf ♦♦f a 
special Master Cea-rly 1987). 
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“A,” A solution of potassium silicate is sprinkled on diatoinac'oous earth; and 
the wetted pai'ticles are mixed by shov^eling and raking. 

Potassium aluminate is made from potassium hydroxide and aluuiiua, in 
the form of a solution. . - 

Two equivalents of are sprinted on 5 equivalents oi /A, aiid W(dl inixcal. 

The potassium aluminate and potassium silicate lorm a zeoliU\ oi iell>'-liki‘ con- 
sistency. . 

‘‘C.” Ammonium, vanadate solution (3 equivalents) is a<lded to iiotassuuu 
aluminate (1 equivalent) and potassium hydroxide, forming u thi(*k g<dat.in.ous sus- 
pension which can just be poured; it contains a comjjlex vanadium compound. 

“C’ is poured onto the soft zeolite-coated diatomaceous earth, mixed only 
slightly, W’ithout penetration. The lumps which form are coin] )a<*l I'd, scr(‘t'ued, n 
small amount of stearic acid added (as lubricant) and formed into p(‘ll<'ts inch 
in diameter. The pellets are calcined or sulfaied by hoiiting in a, current oi 1 
cent SOi 2 , gradually raising the heat to 500° C. (932° P.) and iiu'ri'asiug lln* piai- 
portion of sulfur dioxide. After calcination, the pellotvS are cook'd in a (‘iirrt'iit ol 
air, and are packed in air-tight containers, for shi]>inent. This i.s llu' finislu'd cata- 
lyst, ready for the converter. 


During the calcination, vanadium pentoxide is formed, but rcunaius 
in intimate contact with the other constituents of the pellets. 

Table 3. — SOn to SOii Caiali/iit A/nssc.s*. 

IDaily poiiiitls of 
sulfur as 8 per 
SOo Kus <.'onvi‘rtt*d 
per liter of 

catalyst mass Ai)i >«‘:iruncf 


Selden mass, VaOc 

. . 0.46 

5 

bight grcM*ni.sh-v<dI(nv 
tabl<d.s .1" (liiiniet (*r 

Monsanto mass, VsOr, 

0.56 

5 

bight. gr(‘(*ii half-cyi- 
ind(M-s h'ugth 

IS’ew platinized silica gel . . . . 

. . . 0.50 

5-h 

Brown saiid-liko gran- 


ulos i" ill k'Uglh 

For these three masses, a volume of catalyst fluctuating between 125 ami 175 liters will he 
required for the production of a daily ton of 100 per cent HCoJ^Oi. 

Badische Mass. A vanadium mass successfully used ])y ihe 
Badische Anilin und Soda Fabrik, in Germany, is made as follows: 3 lb 
parts of kieselguhr are mixed wdth a solution of 50 parts aininouiuni 
vanadate and 56 parts potassium hydroxide; enougli water is evaiiorated 
to allow the formation of granules. These are heated at 480''* C. (’896^' F.) 
in 8 23er cent SOo gas, then cooled in a current of air. 

Platinized Silica Gel. Platinum was the original conta<vt substiin(‘e 
for the sulfur dioxide oxidation. It was dispersed on asbestos fibers 
or on magnesium sulfate crystals followed by a careful calcination. Both 
these masses were and are efficient, but they contain so iniieh platinum, 
in terms of sulfur treated, that new installations woxild not be able to 
compete with the vanadium masses.® A smaller amount of platinum dis- 
persed on silica gel, with a final density of 0.7, was superior to platinized 
asbestos or platinized magnesium sulfate, and a new silica gel mass, 
of more recent introduction, is a further improvement in the same direc- 
tion. In comparing vanadium and platinum masses from the standpoint 
of cost, it must be remembered that 90 per cent of the platinum value 


Apparent 
density 
of mass 


® Tfa-is is dispu^d, on the basis of a nmnber of factors. See "Platinum vs. vanadium pentoxide 
264^OT 0931)*^^ sulfuric acid manufacture/’ A. Paul Thompson, Trans. Am. Inst. CH&m. JBJng., 27, 
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can be recovered from the S}:)cnt mass, while the vanadium mass offtn's 
no recovery value; its main “cost’’ is for the license from the ])ati‘nt 
owners. 

A comparison of lii^li i>latiiiiim and low }>latimim mass(\s is a:iv(‘n 
at the head of the cha]>ter. 

The new ])latinized sili(‘a. «;el is prei'>arc'd by a}>plyini>; a. dilute' aimno" 
Ilium chloro]>latinate st)lution ( j NfJ I t j i»Pl C ''td to tlu' sili<*a ^el, (dioosii) a; 
the amount of solution sucli that the < 2 ;el will (‘ontaiii 0.1 jx'r <*t*nt. Pt . 
Silica ^el has the appearance' of \a'ry ('oarst' san<l, and is as hard; it tak('s 
up 50 per cent of its weip;ht of solution. ^l'’he aranuh's arc' drit'd, and 
reduced in liydro.ac'u .aas, so that tlu' iiu'ta l is 1 il )c'rat c'd. 

The bu<i;])eai' of tlu' cairly (*onta<*t opc'ridors was tlic’ | )oison ii i.a of 
the platinum mass. Tlii'rc' arc^ (wo kinds of poisonina*: t(*mporai\v }>oison~ 
ing* due to eddorine, whicdi rc'lii'X'C'S itsi'lf as ha lo^cai- f r(*e i:;as swc'eps 
throup;h the c*on\a'r( ers, an<I permanent, poisoning;, due' (o arsc'iiic'. In Ihc' 
early days of tlu' contact proc'ess, opc'rators wc'rc' sur]>ris(‘d tliai buriu'r 
gas from ]:)yritt' orc', fc'd to the nc'w systc'in, ii;a\a' rise' (o diflicai 1( ic's, while' 
in the cdiainbei’s thc'y functioned smoothly; thc' ('cpii^nnc'nt. for i>urih<*a- 
tion from c'hhu'ine and arsc'iiic, was soon e^'oIve(h and ( hc' ma((c*r of poison- 
ing became a matter of faidty operation. Arsc'nic as arsim' .Asl!,-.. was 
avoided by not using iron for the c'oolers, so that (‘ondc'iisc'd acid c'ould 
no longer react, with iron and form tlu' hydrogt'ii nc'cc'ssary for tlu' forma- 
tion of the gas. Ta'ad is used instead. Tsh'vc'id helc'ss, if (lu' dangc'r still 
exists, tlic new' platinizc'd silica gc'l should sc'lc'c't c'd, for it is inmium* 
to arsenic. i')ois<)ning. It is gc'nc'rally ac'cc'ptc'd that i( will opc'ratc' wiiii 
the same high (*on \'crsion on 10 or 10.5 pc'r ca'nt gas from brinistoiu' as 
on 8 }K>r ('cnt gas. It is more' flc'xibU', therc'forc', and takc's a (c'lnporarv 
overload wdthout Ic^ss of c'tficienc'y , being in that rc'spc'C't supc'rior (o thc' 
vanadium ])tmt()xidc' massc's. Platinized silic'a gc'l is said to ha\a' a. lowc'r 
kindling temperature tlian otlu'r eontac't masses, c'xcc'pt pc'idiaps ]>latiinz<'d 
asbestos; that is, it has a lowt'r t c'lnperat urc' at wdiic'h it c'atalx'zc's (ho 
reaction effectively. 

PlUlIKK’A'riON OK ( h\S KKOM Pl'Uri'K ( )KK 

Although at tlu*. presc'iit time (>(> jx'r (*c'nt. of the t.ot al sulfuric* a.cid 
is made from sulfur, tlu'rc' arc' still important, inst allat ions in whic'h iron 
pyrite, and c'spec'ially j)yrit(.' fines, are the source of tin* sulfur gas. ''Fhc' 
purification of snc'h gas must Ix', i)erformed witli gri'atc'r c'arc' and c'ai ric'd 
further, in order to use the gas in any conta(*t systc'm. How long (he* 
lavish use of elemental sulfxir can continues is a serious c'oxisidf'rat ion, for 
the resources of mineral sulfur are distinctly limitc'dd A rc'iiirn to t lu' 
more general use of iron pyrite is probablc'i within the', ix'xt 10 yoiirs, ''I'^his 
consideration lends additional importance to the purification c^ciuipnit'nt. 

The gas from a Herroshoff rotary shelf burner for fines ( I^art T of this 
chapter) or from flash combustion is rid of its iron oxide cloud in dust 


* 'Economic position of sulfur," A. M. Taylor, Inti. JCng. Chuirt^,^ 24, 1110 (1(1021. 
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chambers, or dust collectors, with or without a “hot Cottrell” precipitator 
following, all working on the hot gas. The gas next passes through short 
lead towers, meeting a flow of sulfuric acid, which cools the gas somewhat 
and removes the arsenic in the form of oxide j this towci , it mav l>e uot.edj 
imitates the Glover tower. After this, the gas is cotiled in wat.er-<u)ole(l 
8 -inch lead pipes, to room temperature; it then enters coke-paeke<i load 
boxes, a wet box followed by a dry one, to remove chlorine, and then to a 
drying tower with 96 per cent acid as the dryiirg medium. (Nee Fig. 15.) 
The gas is then ready for the converters; it may be prclu-ati-d within the 
converter, as indicated in the Chemico construction, or by outside imdti- 
tubular heat exchangers. 

Alternate arrangements provide for water washing in a tower just 
beyond the “hot or dust Cottrell,” and this tower is followed by a second 
Cottrell, called the “moisture Cottrell.” 

The melting points for sulfuric acid of various strengths and for the 
oleums are extremely irregular; they arc shown in Figure 1 (> by means 
of a graph. The specific gravity of the acids increases gru<hially In 



FiGirru-: 15. — Tho lowf^r; 

A, cirtnihir 1 Hu' 

])orctc'la.in tulx's; />", of 

l.hc in lh(^ ricid f*hain- 

])C'r; ouilc^l. for iJca.s; /), 

jpilct, for Jf\ 

Tor tlio acid; for 

tho acid; //, upix'i* h'V('l of 

(ho aiiari.z Da-ckiTiir. 


1.8415 for the 97.70 per cent I-I 2 SO 4 , which is a maxiiniun ; it them decreases 
slightly to the 100 per cent acid. As a rcsvilt, the specific griivity us a 
measure of strength over that range (96 to 100 per cent) might U>a<l to 
gross errors; for that reason^ conductivities arc used instead. 

The oleums also have a maximum specific gravity, more pronoiincod 
at 45^ C. (113° T.) than at 15° C. (59° F.) , as indicated in the figure. 


Yields 

A conversion of 97 per cent of sulfur dioxide to the trioxide is good 
practice. The unconverted gas is lost to the atmosphere on issuing from 
the last absorber. When sulfur as brimstone is the startino: material. 
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additional losses are only those dne to the iin]n.irities in the hriinstone, 
which 3 'eina.in in tlie iiieltino- tank, and genei*a.lly art^ below 1 pvr ct‘nt on 
the weight of brimstone. The over-all yield may be about 95 or 9(> i>(*r 
cent. 



FicaTKK 1C>. — Ph>'sica.l pi-opcrl it's t>r siilt’uric :u*.itls :u\tl oU'iiins t>i' \':iri()us <•( viifi'iit ra- 
t.ions. 1, poinls ( K iiictsch ) ; 2, condiH*! i\‘ it ics in rt'ciprot'a I ohms (I-ian- 

(lolt.-Hornsi€‘in d'a! x*! It 'ii ) ; sptcilic i t.i< “s at la""' C''. ; I, at. -15'' i\ ( K iiit*t sch ) . 

When iron [)yrit(‘ is us(hI, as fiiu's, tlu're is a loss of about* 2 i)(u* cent 
sulfur to the (‘in<k‘rs. rA)ss<‘s ocaair in tlu' serid)bin^- (owc'rs, (*ok(‘ box(‘s, 
electrical ])recii)ital ors, and io a sli.a'ht c'xtc'iit in tlu* dry inti; 1 owin', so tliat. 
an over-all yitdd of 90 to 92 jier lunit wouhl be fit.ir. 

The (*<)st of raw nuitcndals has htani mcnitioiu'd in lh(‘ first half of 
this ehai)t(‘r. st‘lhn‘i; })ri(‘e for oleums is hiji:her than for (>(>‘' Be. 

acid, whicdi in turn is hij 2 ;her than for the wc^aker acids; tlu' price is ro\iji:hly 
proportional io the* sulfur triuxidc contimt, t‘X(a‘pt for t.lu* sti’oiifi; ohanns, 
which are (‘onsidiu'ahlv hiti:h(u\ For exainph*: 50" Be. aidd, ®8.()0 a ton; 
60° Be., SI 0.50; (>(>" Be., SI 5.00; 20 pvr cent fren* SO.., oleum, SI 8.50; 40 
per cent oleum, S42.()(), all for lank car lots. avc‘ra{i;c prica^ of CUV' Be. 

for 1936 was $15.50. Acids of (Ki*"' Be. and hi^lua* strcui^ths art^ storcal un<l 
shipped in steel tanks, weaker acids p;exuu'iilly in kaid- lined tanks. Snialk^r 
lots are shii>}>ed in p:lass carboys. Acid from VyV' to 05*^ Be. may be shipptal 
in steel tanks if the acid <*ontains uti inhibitor (ap;ainst (a>rrosion ) .^ 

Tim Roi.k of SxjhFiruic Acid 

The uses of sulfuric acid are as varied as chemical it^dinology; it is 
among the acids what lime is among the alkaline agents. If it is reciuired 

” Reflation of the Bureau of KxplowiveH, Intenftato Cinmucroe C/oxnintiHrtion. ^ Inliihitorfii are 
oTfcanic subatanec'A, such a« sulfouated slaughter hou«e In Minall aunutith^. 

application of inhil>itor» in pickling opcrntions," F. N. Bpeller and K, I<. CAmm. 

Eriff., 34, 421 (1927). See al«o "reading reft?rt*nceH.’* 
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to merely provide an acid state, sulfuric acid is chosen, providi-d it is not 
unsuitable for special reasons. Many of its nuinerous applicalions are 
given in subsequent chapters. Its estimated <list I'ihut ion i.< shown in 
Table 4. 


Table 


4. — 'Estimated DlstrihiiihOii of Sidfurio 
m SJiovl {jf do 


Fertilizer 

Petroleum refining 

Chemicals 

Coal jM'oducts 

Iron and steel 

Other metallurgical uses 
Paints and pigments . . . 
Rayon and cellulose film 

Explosives 

Textiles 

Miscellaneous 


Arid u ffit d 

" Br. Arid A 

193G 

1.970.000 

1 . 100.000 

985.000 

770.000 
700,(K)0 
000,000 

450.000 
3:57,000 

220.000 
108,(X)0 
380, (XX) 


7,020,0CK) 


/// /in ( 'nit < d 


1 ‘.la.’-j 

l,73t),()(>0 

050.000 
9 lO.lKK) 
()2r>,()(X) 
O.’JO.IKH) 

520.000 
•lOO.CMK) 
:i09,oo() 
17r).(M)0 

90,000 

:i2t>,ooo 

(•>,725,000 


Stdtis, 


* Chem. Met, E?ig., 44, 78 (1937). 


The weak acid from the chambers lias rc^nuiiiuMl import an 1 because 
a dilute acid is required in the inaniiraeture of supca-phospha t of cal- 
cium, a fertilizer. The standard chaniber plant has llu^ adx'ant aa;(* of 
having no license fees to pay, while the mavcu* i irocc^'^st's of lUMu^ssity 
involve such payments which the acid prodiuaal must. (*arrv. 

For many purposes, nitrations and sulfonations of organic substances, 
a strong acid is required, such as 98 per cent or an oleum; llu‘ 

contact process must furnish these. Furthermore, an oUauu may bt* uschI 
to bring a vreak spent acid to the reaction strcaigth, so that also, 

the product from the contact plants offers an advaiitagce, it may b<‘ said 
in fact that contact acid will do everything whi(di tlu^ <‘hani})(U' acid dot's, 
while the converse is not true. Finally, conta(*t a<*id is vto-y puna and 
is selected for certain uses on that ground. 

One important use of sulfuric acid is ])assing; it is no longta* intlis- 
pensable for making nitric acid, now that the ealalytit*. oxidat.ion of 
ammonia has been perfected. 

Sulfuric acid occupies its important position because tlu' raw mate- 
rials are cheap, the methods of manufacture are highly tU^veloixal , and 
no fuel is required, except for a small amount of power. Wluni adjunct 
to smelters, the raw material, the sulfur dioxide, may be said to cost 
nothing at all. The degree of perfection reached in both chamber and 
contact processes is remarkably high. The i^lants are practicially auto- 
matic. Hand labor is needed to charge the sulfur to the melting tank; 
for the burners for fines, an operator must bring the ore to the top of 
the burners, by means of an electric truck. From that point on, the 
process runs by itself. As to supervision, one chamber man (‘an watch 
and regulate three sets; in the contact process, one operator takes (^are 
of one or several units, by reading pressure gages, thermometers, thermo- 
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couples, by making- chemical or thermal analyses on the sulfur (lioxide 
gas and exit gas, and by hydrometers and conductivity readings. Sonic 
of these means of control arc automatic or automatically recording, 
simplifying the supervision still further. A small force of laboi-ers is 
requirevd for clcan-out gangs, and skilled labor for repair gangs. Jjabor- 
saving devices and automatic continuous operation distinguish tlie sul- 
furic acid industry oven in an age which is characterized by them. 

OtII KK P ATK IS- TS 

U. iS. l^Mlcnts : 1,000,511, on the aiitoniiitic lu^:it. excliaiij^(^ t*,on vcn-t.t'r for coiitnrl 
process; 1,(575,308, on tlio in i(n’o-]>orosity of \'aiiacliiini mass strut*,! urc', with 23 I'xnin- 
jjles of prepMi-atioii foi-niiila.s ; 1,075,309, vaiiMtliiiru })t'nt oxide imi-sscs t>ii tiii:i,rtK a,s 

carrier, wit h st^vei*a.l <‘xa.iii plt*s ; 1,094,123, also on vanatliiiin i xait oxitUi inasst's wit h 
porous st.rut4,iirt^s ; 1,057,75-1, on \'ana.(la.t t*'-- ant! 1 nn.ust .‘il t* Tor t.ht* <*al.iLl>'st, mass, wit h 
20 (‘xainplt's; 1,(557,753 aiul -1, 1,095,285, I ,(5lMi.r) li». 1 .70 1 ,()7.">, all on vanatlium imisstss; 
1,741,310, tin st.abil isct'i’s in x anatliiim masst's ; 1,518,043, on vaiiadinin mass U> l>i* i>re- 
ctaietl by st)mt‘ pla timun; 1,450,(5(51, on t*t)nst,riu‘t it>n of t*t)U\ (‘rt.t*r, as also 1,(585, (572, 
1,000,511, 1,857,308; 1,8(52,740, on tha'intz; lowta* t*t>nst.riit*t itin and opia-at ion (.s-re t//.st> 
1,384,500, 1,824,890) ; 1,912,832, inannfat*t.in-e of siilfiirit* acitl by nuaiiis <.)f nitrt)^t‘n 

compounds, to Andrtnv' j\4. Ihiirlit^; 1,995,292, maiiiifaet iirt' tif siilfiiritt afitl ; 2,028,739, 
sulfur tlioxidtj from Si>anish pyrit.e, rtanoviii”; lliiorinti by silica,, anti t)tht‘rwist‘ purilh'- 
iiig tht^ ; 2,008,701 and 1,970,923, prot*t‘ss anti a]>])arat,us ftir prodiieiu^- sulfur 

Irioxide ; 2,042,(575, makinji; sulfuric atdtl from a sulfur tlioxitlt^ t:t>nt.a,inin^' t)rjz;anic 
iiu.piirit.ies ; 1,995,3(50, 2,023,203, 2,028,410, making* sulfuric, a.t*itl or sulfur dit>xid<‘; 
2,001,359, makinji; ct)uta‘ut rattal sidfurit^ ac.id t)r oltaim i’rtiin sidfiir tlit)xiil(‘ rt'jjctmt *r- 
atotl from shitl<*:t‘ in j xvt.rtjlfum ladinta-it's, tt> Hit' latt' Injzc'uuin Htx*ht*nbl(‘ikiit‘i* ; 
1,990,704, 1 )rotiiit‘,t.it>n and ] >urili(^a,t.ion of sidfiir tiioxitit' frtirn similar spt'iit. at'id ; 

2,044,9(50, pi*otluc.t it>u t)f sulfur tlitixitlt' and irt>n tixiilt' ; 2,030,885, ap})aratiis foi- 
burning' sulfur; 1,942,817, cat.a.lyl itt ap] larat.iis ; 1,971,4(55, ca,t.a.l\’st. ftir ust* in th<‘ con- 
tact mt'thod tif inakinjji; sulfui-it*. acitl, containing*; thallium anti vaua,tiium ; 2,030,021, 
method and a.]>parat iis ft)r t in* prtxlut*! ion of sulfur tlio.xitle, by rtiast.injz; ort*. 

Clei*man l*at.t‘ul.s: 459.978, sidfuric a.citl math^ in tt>W(a-s by a.n <'xc<*ss of uit.j'ous 
gases; 403,828, on chambta- itcitl ; 455,075, for at.tnnizinjz; siilfurit*. acitl; 4(57,587, on 
making all the atad in the (Mover lowt'r; 406,578, making* tiltaim by <x)nta,ct. ])i*o(*(‘ss; 
516,764, on a catalytic mass containing; chromium hytlrt>xitlt' ; 517,9(55, t>u a j-otatiiijz; 
oven for couccMit.i'atin**; sulfuric acitl. 


Pkobuk.ms 

11. hot. it bt^ rt'(iuii*<*d that a plant protliicing 10 tons of 100 p<a’ ctait .li-SC)^ tlaily 
be erectcitl. Mduj l)rims!.on(^ is to bt^ sliipi>etl in by litiat over tht* scat. .How much 
sulfur sht^ultl tilt' t'oni.rat't. call for, ovta* the yc'ar, tht> yit'ld bt'iuj*; (.aktai as st.a,f(‘d in 
the text.? 

12. A pLuit inauagta- fintls that thtn'o art^ ])rotlu(*t'd in his c.hamhtn’ plant, 40 ton.s 

of 50° lie. sulfiirit*, acitl day. It woultl bt^ bet.t..<?r for his salens t)ppt>rtuuit.i(‘S 

if that acid coiihl l>t> st,r('n^>;tht'ii£al to 0(5° lie. atatl, C’loultl a cont.avt, plant. Ix'? 
ort?c4c‘d which might taki^ the wt'ak acad juitl raise* its st. renj*;lh t.o t-lit* dt'sirtxl one? 
How mnt*h sulfur would be roquirt'd tlay? 

13. Xhe reat't.ion heat in tht* eonvorttn* is 45.2 Oalorit\s for ( )» —’ 2S( ):i. 

Compute the total heat in Pin. for a plant nnikiuj*; 40 tons of 1(X) ))er ertmt HuSOh 
per day. Conversion factors will bo found in the a]>pendix. Compart* i.lu* luuxabt'r 
of pounds of bituminous (;oal which would generate thci same aiiiount of h<*at.. (Set^ 
Chapter 12 for the fuel value of coal.) 

14. Make the same comparison of heats for the ainouiitr of sulfur burnt in the 
plant specified in Problem 13, if the heat evolved is S H- Ou — SOs -H 09 Calorit's, ainl 
the equivalent weight of bituminous coal. 

15. An. 86.3 per cent total SOa oleum may be said to be 105.3 cent 

because it can be extended by the addition of water, at least theoretically, to give* 
105.3 parts of such acid- It is not done actually, because the r<*actioii with water 
is violent; the dilution is by means of a weaker sulfuric acid. Oiven t.ht» san;u*» 
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oleum, find the amount of free SOa, and of the amount of 100 per cent R-Sf.).! it con- 
tains. Method: S6.3 per cent oleum contains 16.7 per cent water. Ikuico 1G.7 X 98 
18 parts of H-SOi. The corresponding amount of sulfur Irioxitlo is l>oiiii<l and the 
remainder is free. 
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Until recent years, the only commercial way to make miric arid was 
with the aid of the non-volatile sulfriric acid, libey'ntmg the- volatile 
nitric acid. This acid is now made from atmospheric 7iitroge.7i., via 
ammonia. Its prodxiction fro^n natural nitrates has become an ‘unim- 
portant branch of chemical technology . Trom whu'hever source -it is 
obtained, nitric acid is irreplaceable in the manufacture of dye inter- 
mediates and explosives, and its importance xuas demonstrated during 
the World War. The even greater importance of nitrogen, compounds 
for agriculture is a separate consideration. 


Chapter 2 

Nitric Acid, Chile Salpetre, Mixed Acid, Iodine, 
Hydrofluoric Acid, Aluminum Sulfate 

Until eight or nine years ago, nitric acid was made by tbo iu'tion of 
sulfuric acid on Chile salpetre, the commercial sodium salt of tlu^ acid. 
To-day, none is made from Chilean nitrate, in the Unitc*cl Statc*s, nor 
in Germany. The standard process to-day is the catalytic oxidation of 
ammonia with atmospheric oxygen, presented in full in CMuii>tcu’ G. 
There are a number of plants which continue to make nit.ric, acid by 
the action of sulfuric acid on synthetic nitrate, because in tliat. way a. 
concentrated acid is readily obtained, and because the ccjuipiiuMil, was 
at hand for this distillation,, A brief statement on the methods will (hcM*c- 
fore be given, talcing the opportunity at the same time to pi'oscait some 
essential data on the properties of the acid. 

Chile salpetre itself has lost much of the importance it oncc‘ had. 
Its main use is as a nitrogenous fertilizer; on the basis of tonnage, its 
service as a raw material for nitric acid is and v/as secondary. In the 
year June 1928-Junc 1929, Chile salpetre equivalent to 490,000 metric 
tons of nitrogen \vere produced; in 1929-30, 464,000 metric tons; in 
1930-31, 250,000 metric tons; in 1932-33, the low point, 71,000; but since 
then, the amount has been rising; in 1935-36, it was 192,000 mc'.t.ric tons 
of nitrogen.* This material is found in the Tcrai:)aca and Aric^a clis trid- 
in northern Chile, where the rainfall is so scant that the soluble salts 
present in the soil have not been washed away. The nitrate-bearing rock 
lies near the surface, under 6 to 10 feet of overburden, and cxttuuls to a 
depth of 50 feet. The method of extraction is to load the rock, called 
“caliche” if rich, or “costra” if poor in nitrates, into carts which arc 
pulled by mules to the plant, to leach out the nitrates with hot \vater, 
and to crystallize. Sodium nitrate is extremely soluble in water. During 
the leaching the slightly soluble sulfate is left behind with the insoluble 
earthy portions, but the solution obtained holds other salts such as the 
chloride and iodate; after crystallization, these remain in the mother 
hquor chiefly. The iodates are a source of iodine, as described further 

* See table in chapter 6. 
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on. A certain amount of the chlorideis remains undissolved in llu^ strone; 
nitrate liciaor and are tiius eliniiuate< I ; but some eryslalHzt^ with tlu‘ 
nitrate. Cliilc salpetro contains about 95 per cvnl NaNO;;, and is 
bought on the basis of the nitrate content as dtdcu’iuhied by 
It always contains iodates and clilorides. ^Flie nitrtLlt^ is siiipi)(.Ml in biu- 

lap bags. , . , 

A considerable amount of Ohile salpetre is usc^d m dymuniti^ mix 

tures, as such, without aio^ treatment. 


jSTrrRic Acin krom ^SvN'ri i ktic: Sonii'M K rruA^i'K 

The reaction bcdwetni sidfuric acid and sodium nitrati^ (;ik(‘s pla<‘e in 
cast-iron rcd'oi-ts varying in capacity betwecai 1500 and 50()() pounds. 
The nitrate is shoveled in tlirough an opcming in tlie Iront ol tin* smalhu*, 
cylindrical retorts, or <lumpe<l into tlu' lai*gt*r, scpiai’c^ or pot-typt‘ r('t()its 
through an oiieiiing in the toi>, from small trucks on rails. lln* suiiuric 
acid is run in next, ami them tlic' ladort is lu‘atc*tl gmitly Iroin iis <n\rL 



Figithk 17. — Nitric aciil from nitnit^'S willi On* <Jutin;inn n nnlc •nsiuj'^ sy^-O-ni. A. 
1‘otort. ; Ji, {n>ll(Hac)r for 1 iioitl ; fh:iTnln‘r i>ip(* with \va.h*i‘- ci >oh -tl 

pipes; D, s('p:n’:v.t or Mini rc'C'tavt'r; E, c*ouiie(*t iou to buuf^i' l.t>wt‘r and (‘hinuiov. 

small fireplace. ISTitric*. acid is a liquid whi<*h l>c)ils at H(>'’ ( st> tluii 
it is readily va]R>rized ; high heat is detrimental, for ii. <l(^coinposi‘s the 
acid. The vaiic'U’s pass to a condenser coohal by wat(‘r; tlie gas(\s whic'h 
do not (‘ondense are absorbed in watiu' in final lowers <adh*<l Imnge 
towers. The operation of the retorts is internut t taxi , ami ftn- any si/a* 
requires one day v/hen working noi'inally. 

The amount of sulfuric acid is sufficient to form tin* uedd Huli'ntc*, 
jS^aNOs 4- H 2 SO 4 HISTO.i 4- ISraHS 04 ; only one-half of this acid func- 
tions to liberate nitric acid, the other Ixalf remains unused, 'Tht* rcutson 
for this practice is that the acid sulfate, is a litpiid and niay lie run out . 

^ Moisture and other impurities nre dotenninetl, and the <\ifFereTiee he1.w*m*n tXudr lotstl itliil 
100 is considered sodium nitrate. 
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.mount of acid in the acid sulfate, called the nitre cake, is not 
per cent as the formula lSraB[S 04 suggests, but 37, 33, even 30 per 
its fusing point lies between 210° and 320° F. (99° and 160° C.) . 
3 beginning of the distillation the strongest acid passes out, essen- 
anhydrous; near the end, a weaker acid, as the temperature is 
.. The aim of the nitric acid maker is to produce strong acid; a 
n amount of weak acid is unavoidable, for on decomposing, nitric 
tself produces water; but the amount of weak acid may be con- 
.bly reduced by using strong sulfuric acid 98 per cent H 2 SO 4 , in 
itort. The acid is brown in color, especially the concentrated acid, 
o the presence of oxides of nitrogen. 

le condensation of the vapors is done in one of two systems chiefly, 
utmann system and the S-bend or Skoglund system. Other instal- 
ls are: the Hough, the Valentiner and the TJebel. The Gutmann 
in is illustrated in Figure 17. 

leached Nitric Acid. It is necessary, for certain uses, to produce 
: acid free or almost free from the lower oxides of nitrogen (such 
D, ISrOo) . A pale nitric acid of this type is produced by the Valen- 
system which includes operation under reduced pressure (one-third 
sphere) ; an easier w^ay is to set up a bleacher in connection with 
-bend condenser, and operating at normal pressure ; this constitutes 
koglund system. The bleacher consists of a duriron (or stonewmre) 
r about 10 feet high and 30 inches wide, set immediately behind 
etort and below the condenser. The condensed acid flows down the 
r, the hot gases travel up and remove nitric oxide and dioxide from 
iquid; the acid leaving the base of the bleacher is cooled by i^assing 
igh a XJ-shaped tube set in cold water; from here it flow"s to the 
ver. Alost of the low^'er oxides of nitrogen reach the Tunge tow^ers. 
he bleacher just described serves well for strong acid, such as 
cr cont .HfTO'>, which usually is to be made into ^hnixed acid’'. It is 
itimes desired to bleach a weaker acid, with the special purpose 
taking it chlorine-free. This may be done by adjusting the strength 
tie acid to 42° Be. at 60° F. or 15.5° C. (67.18 per cent HNO;,) , 
ing it in a stonew^are pot set in %varm w^ater and blowing in com- 
sed air filtered through glass wool. A white acid results ; it is suit- 
for jew^elry manufacturers, who wish to recover gold from its 
)er and other alloys; it must contain no chlorine, for a chlorine con- 
w’ould cause a loss of gold. Nitric acid made by ammonia oxida- 
, or from synthetic sodium nitrate, is free from chlorine. 

Gras Recovery Towers. The lower oxides of nitrogen escape con- 
sation when merely cooled; recovery towers are therefore provided in 
cli such gases meet a trickle of w'ater; at the same time they are 
lized, at least to a considerable extent, so that the amount of nitrous 
1^ decreases, while that of nitric acid increases. The gas usually 
•ies enough air for this oxidation. The original examples designed 
George Lunge have almost jELat plates with perforations and ridges, 
that each nlate retains a cerf/ain aTnonnf. of liquid which is replaced 
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as the liquid from above reaches it; t lie ^as entca*s al the hiisi*, ( he 
water at the top. Solutit)n of the ^'as takers pia(‘e af- i'a<‘h leyei. h lie 
strongest gas meets the raliier strong solution <‘1() pov (aait neai* 

the base, and can enrich it somewlmt-; \vhik‘ aitta* rising to laa-ir tie- 
top, nearly exhausted, its remaining (-ontiaits ar<‘ al>si rat*t e< i l)y t he 
water, as yet uncharged with acud. 'Idiis towta* t^xeiuplirn's tlu' ('tuinter- 
current x^ihnciple. 

The Hougli system is t'vtai niort- <*oni]>u(‘t than i lu‘ (hitniann; it e- 
made of duriron. The ( hitmann systami is ncairly always st ( nu'W a rt* : 
the Skoglund usually luis stoiuwva.rc' <a)ohng pii>es, whi<*h may he r(‘plae*‘d 
by duriron or (puii’tz. Tiu’; Vkiitmtiiua* systtan lias st oricu a r< * coils linnu 
on a stonowart> franus tlu'sc' art' more' t'xptmsix't' than tlu' simi>h‘ S-dt<-nds 
of the Skoglund or t;he straiglit- ])ij>t's of tlu' (hitinann, so that a break is 
a more serious lUiitter. ''Flu' Ih'hc'l systtan mnploys tliree n-torts woi'k- 
ing in series, and is desigmai for the' ust' of w<*ak sulfuri(‘ at-id. 

The si^ceific gravities for the various strimgths of nitric at-id increase 
steadily, but more slowly, at the higiu'r st rimgths, than tiu‘ <-on<’en t ra t ion . 
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One liundred per cent nitric a.(*id I'xists only as a solid at 1 I .l> 

(— 42.3'^F.); a certain amount of decomposition into thi' anhv'dride ami 
water takes i)hu^c^ on jnedting. Ab<)\a' 45 Be., tin* acid is g* 1 >' 
yellow to brown. 

Nitric acid and wat(‘r forms a <‘onstant boiling mixture wiib maxi' 
mum boiling i^oint, at 120.5'’ Ck K.), <-ontaining (icS pt-r cent 11 No.,. 

On distilling a comnu'r<*ia..l acid for pxirifh-a t ion , this is tlu' ac-itl wlui'h 
is obtained, and lias thc'rcd'oro Ix'conu* tlu' st andai-il str<*ngfh ftir t la* 
acid. It is a water- whit e a<dd- 

Thcrc were produ<‘ed of nitric, acid lOO pc'r (-tmt in 1035, 122,50() ttvn>^ 
in the United States, from synthetic sodium niti-attg vahietl at SHO a 
ton, or 4.5 cents a j)ound. 

MiXKi) Atni) 

In any nitration, as for instance in tlial of benzene, tw<i product.-, 
result: the nitrated body, licrc nitrolienzene, and watc*r; us tlu' naietiou 
proceeds the water accumulates and tends to rc'verse the action. 'To 
prevent this, concentrateui sulfuric acid is added; it biiuls tin* water, nuil 
permits the nitration to f^rocecd to coinx)letion : 

Odla + TliVOn— CdTr^-NOa t 1 1.0. 

It has become customary to mix the nitric acid xind sulfuric acid nt 
the factory, before shipment to the corisunuu'; this naves him uiu‘ 
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and the mixture may be shipped in steel car tanks, as suit uric 
is shipped, while nitric acid is usually shipped in glass. The mix- 
of the two acids is called '"mixed acid’’; it varies in the relative 
ortions of nitric and sulfuric acid it contains, and also in its water 
mt, and is made up to order. Examples: 

i^itration of wood, pulp for '‘fibre*’ 45.09^ HiSTO;;; 48.09^ PloSOi 

ISritration of benzene 30.0 5'^-^ 

For nitroglycerin. 35.6 58.0 

n order to make mixed acid, the nitric acid is elevated by means of 
meware elevator with stoneware ball valves to an upper level, and 
1 there fed by gravity to the mixing vessel, at about the siiiiie rate 
Lie sulfuric acid. The mixing vessel may be a cylindrical steel tub 
. paddle. Heat is evolved, which is dissipated during the slow mix- 
and on standing over night. In the newer plants, the mixing room 
laced at a lower level than the nitric building, so that the nitric 
may be fed by gravity. The mixing is made more rapid by cir- 
.ting the acid from a steel storage tank through a condenser CK)oled 
vater, and feeding the nitric acid gradually into the tank containing 
charge of sulfuric acid. The circulating pump is a small stticl cen- 
igal pump; it draws the acid from the bottom of the tank tmd 
vers it at the top on the opposite side. The same storage tank serves 
in acid egg for loading the railway car tank, which it equals in size. 
Mixed acid is almost colorless. 

The production of mixed acid in 1935 was 46,074 tons, valued at 
.50 a ton. 


loDnsrE 

Until 1931, the world production of iodine was about 2 million pounds 
ear, and nearly all of it was made from the mother liquor of Ohilcan 
i-ate; the price was $4, then $3 a pound. Since that date, the pros- 
t of the complete closing down of the Chilean fields has caused a 
rch for other sources of iodine;- this has been successful, and the 
nopoly of the Chilean producers has been broken. The domestic pi'o- 
ition was 245,696 pounds, while the imports, all from Chile, were 
>,819 pounds and priced at $1.12 a pound. The i:>rice in 1935, in the 
ited States, for domestic iodine, was $1.05 a pound; the year before, 
lad been $1.23. 

The possible production per year from a variety of sources other than 
ilean nitrate is; 


Tons Source 

Europe 140 Seaweed 

Japan 150 Seaweed. 

TT*'"?: j 'ol ^ Artesian wells 

United States 500 Oil wells (brines) 

Russia 240 Seaweed and oil wells 


Total lllO 


Fortunes and misfortunes of iodine,” by F. F. Holstein, ChG 7 n. Met, JSng., 39, 422 (1932). 
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The iodine is prosi^nt cliicdly fis iodide'; tlu*. uvt'ra.uo (•on('<'iit rat i< ui in 
brines is low (eciuivalent to O.Oo ^rani })er lite'r), so (hat ami 

well-conceived proeessi's must, he installt'(l.““ 

On the other hand it is estiinati'd tliat. if aOO, ()()() tons of (diilean 
nitrates are prodiK'ed, which is oiu'-fifth of tlu' normal sales, (‘nouLdi 
iodine for the world’s (‘onsuinpt ion <‘OTild })ro<hu*(Mi, at a <’ost ol ahoui 
50 cents a |K)iind. Tlu' metho<I would hi' t lu' oru' ns<*d in the past; Tht' 
mother licpior from t Ih' Cdiile saltpcdrc‘ (‘ryst alli/.at ion (‘ontains ;“> .ii;rams t»f 
iodine per liter in the' form of <‘al(‘iuin iodo-c'hi'oina t e, <*aleium i(>dat(‘, 
and some sodium ioda,t('. d’lu' fix'C' iodiiu' is liheratc'd \>y addition of 
sodium bisulfite^ solution, in t lu' form of a solid whieli sinks to tlu' hi)ttom 
of the tub.'* It is flushc'd into (ainvas l>ai 2 ;s, waslu'd with \vat(‘r se\'t‘ral 
times, and prc'sst'd to a, <‘ak(‘ })y nu'ans of a hand prt‘ss. 'This eiaich' 
product is tlu'n <listilh'd from <a'nH'nt -liiu'il iron retorts, hi'attal l>>* a 
coal fire ; stonewari' ]upt's arc' fitted to c'aeh rc'tort and in t h(‘s<‘ tin' i<»dim‘ 
deposits in the form of crystals <*ont ainine: 91) ]U‘r cemt or more <U 
iodine; the moisture' in tlu' (*aki' ('s<*apc's through tin' l{>os(‘ joints in the 
condensing j)i]>('s. ''f'’h(' crystals art' ])ack('d in harrt'Is hokiinii; llitf ptninds. 

and these a.rc^ wrappt'd in cow hidt's whit'h tui shrinkiii.e; form an air-tiaht 
cover which pr('^'<‘Ilts (lit' loss of iodiiu' by sublimation. The rc'action is 

2N:d(b 1 oNmUSO.; ►:;NanS(). i 2Na:S(>* ! Ha) i I .. 

Iodine forms black, flat- crystals, sohibU' in ah'ohol to a ]n‘own s(»lu - 
tion, the tincture of iodiiu', usc'd in tlu' ]>harma(‘y. It s('rv(*s also for 
the manufaet.ure of iodoform, of aristol ( di-i hymol-di-iodid** ) its im- 
proved substitute, and of sodium and potassium ioflidt'. It is us<'d by lb<* 
chemical analyst, in elu'inical laboratories in jAoneral, and for tlu' maim- 
facturc of a few dyc's. 

1 1 Yinu >FiA'OHi( ^ A< at) 

Hydrof 2 ;on fluoride, lib'' (or mor<^ <*orr<‘<*t ly , Iliib'-) is a u;as which is 
extremely solubh'. in waif t'r; this watiu' solut ion is tt'rnu'ci hy<lroIl uoric 
acid. riydrop;en fluoride is made ]>y t lic' a<‘tion of sulfuric' acid <ai 
calcium fluoride whic'li occairs as th<' mim'ral fluorspar in Illinois 

and Kentucky in the. lTnit<'<l v^tates, iind in lOnuiland arul otlu'i' coimtrit's. 
The original method <'.onsistt'd of batch <Iist illat ions from small tw(?- 
piece lead retorts; this has been displti('e<l by continuous metlunls, of 
which the following is an <'xami)le/^ 

A cast-iron retort 12 fec't long and 3 fc'c't. in diHnH't<'r is ro(at4»<l at 
a slow rate and heated from the outside by firc' gast's. At. ilu' chari^^ing, 
end A (Fig. 18) a mixture of powdered fluorspar and sxilfuric acid of 
various strengths is fed in througli ii stationary disk, fitting by nieuns 
of a sleeve into the rotating cylin<ler. A slight inc'lination c*auses tin* 
mass to move forward until it finally reaches the discharging viul 

IJ. S. Patent 1,044,423; 2,000,0,50. 

» “The production of iodine in Chile," John H. Knu^t , /m/. /-vni/. fVtt-m.. I®, KOH 

* German Patent 262,505 C1013), to H. H. X^trihoi), of NT, V. 
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: gas and moisture pass out through the opening in the stationary disk 
are condensed in a lead coil. The temperature at the charging end 
20° C., at the discharging end 320° C. 

The gas passes down a lead coil laid in water, into a receiver which 
a charge of water and is surmounted by a small lead towez' contain- 
wetted lead trays. The amount of water is regulated to produce the 
ired strength. 



Figure IS- — Tletort for the coutimioua generation of hy tiro- 
fluoric acid; 1, charging pipe; 2, outlet for gas; 3, dis- 
charge ring for calciuixi sulfate ; 4, outlet of fire gases 
to the flue- The retort rotates; 1 and 2 are part of the 
stationary disk. 

The operation is not quite continuous, for the charging must bo <lcniG 
frequent intervals (30 minutes) ; the reason is that the mixed fluorspar 
d acid tend to set to a hard mass which gives off fumes of liydrogen 
Loride after a few minutes. The practice is to mix the acid and mineral 
small batches for 30 seconds, and introduce all of it into the retort 
;fore it can set; the evolution of the gas in the retort is fairly even, 
le roasted solid collects in the front end and is discharged i:>criodically. 
ae cylinder rotates about once in 20 seconds. 

Another continuous method is that of the Rlicnania Company,'^ in 
hich sulfuric acid, as oleum, is absorbed in anhydrous calcium sulfate; 
ith one-half its weight of acid the calcium sulfate is still a solid. This 
mixed with finely pulverized calcium fluoride, and the resulting mixed 
.'y charge may be fed to a muffle with mechanical plows, such as the 
[annheim furnace;® hydrogen fluoride is evolved as a gas and dissolved 
L water, using lead or platinum vessels, while the roasted solid is dis- 
larged continuously and, in part, used over again. In still another 
roposal,'^ a great excess of nitre cake replaces the sulfuric acid. 

The reaction in the case of 99 per cent H 2 SO 4 , as the Bishop patent 
^commends, is CaFs -b H 2 SO 4 CaSO^ + 2H:F. Any moisture passing 


* Grerman. Patent 355,524. 

* CKapter 3- 

^ Grennan. Patent 306,567, 
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over with the eonclenst^s in tlio cooliiiji; ami r<.‘uuiins in tlit‘ acid 

solution. The usual eoinniorcial st.reii^ths are 30 per t^cni ;ind 00 ]>er 
cent HF; the 30 per (‘eiit. acid is shipped in tii^ht oak l>arr(‘ls parailin- 
lined; the 60 per (‘,eut iicdd in recdane^ular k^ad (‘arhoys 8 in. by 12 in. by 
18 in., protetd,ed by a woodcni box. A <‘ertain amount of the crudt* acid 
is redistilled Troni lead stills and sliipped in e(na\‘<in wax coutaiiun’s 
containing 1 ])c)iind or k^ss, [)iire a(‘id is c*<>lorlt‘ss ; its a(Mioii on tlu‘ 

skin is extremely ])ainfiil iind lasts many hours. 

The chief uses of hydroiluorie a(dd for making fluoi’idcs, ior 

cleaning stone, and for t‘t(‘hing glass. i\Iixt‘d with siilTurit* ai‘i<i it s(‘r\a‘s 
to remove the dull surfa (‘0 kd’t by the grinding tool in cutting “dt‘corat ct b ' 
glassware. The lluoiadc^ of sodium is mad<' l>y maitrali/dng t iu^ a(dd by 
soda ash. Aimuoniuin thiori<k' may bi‘ madc^ similarly, or tlire(‘ily by 
heating together amnioniuni sulfate and c*akduin fluoritle, when ammo- 
nium fluoride sublinu's and eolkads on t=lu‘ <‘o<)h‘d co\a‘i* of tla‘ retort.‘‘ 
. In 1935, 2,972,1 (>1 poxuuls of bydrofluoi-ic a(*i<l as 100 p(‘r (anit Mb' 
were produced, vahu^d at 15.72 cents a pound. 

Fluosilicic acid ma,y be made by tlu‘ atdion of hy<lrolluorit* acid on 
silica: 6HF 4- SiO^ — > II:2v4iFt; -f- 2II:2<1; on tlu‘ larg<‘ s(‘aU‘, it is a by- 
product of calcdum supc'rpliosphate manufacturt'd^^ in whi(‘h tlu‘ sulfuric* 
acid with tlie fluoride* impurity in tlu* phosphate* giv(*s hydroiluorie* ae'id 
gas, which r(*iic*.ts in i)art with the silica imi)nrity giving siii(*on lluoriele, 
SiF 4 , and the two c'sc‘ai>ing tog(*tlu*r an* dissol\'(*d as a we*ak solution 
(10*^ Be.) of fiuosilieie* a(*iil. ''Phis may be* (*on(*e*nt rat e‘( 1 to 13 p<*r emu 
HoSiFo, beyond whi(*Ii stn‘ngili d('<*omposit ion oe*curs, with loss of Sib\. 
By adding soda ash, the* sodiiiin flnosilicat e* is made* and may be* e-on- 
centrated to dryness; l>y aelding inagne*sium hyelroxide* or e^arbonate*, 
magnesium fluosili<*tit e\ -MgSiFci, of grc*at- importance* to the* <*e‘ine'nt 
industry, is obtainc'd. Fhiosilie‘ie aeiel anel its salts are* insi‘<*i icide*s. 

In 1931, the. production (IT. S.) of fiuosilieie* acid was 3,731, (HK) 
pounds, and tlic* i)ri(':e unde*r 2 ce*nts a pouml. 

Calcium fhiorieU* may be* made* elin*ctly into silicon fluoride* by he*at“ 
ing it wdth silie^a in a rotat ing ove*n in the* ])r(*s(*n(*e* of niagn(*sinin sulfjite*; 
the silicon fluoride may be* absorbeel in ii salt (NaCd) solution with the* 
formation of sodium fluosilicate.^^ 

I-Iydrofiuoric acid is injurious to woi'kmen ; grc*ut must be* (*xe*r-- 

cised in using it; rubber gloves and good ventilation must be pr<)vidt*<l, 

AnuMjisrxTM 

Aluminum sulfate is an important heavy clunnical; it in uhcmI in 
paper making, in the textile inelustry, as a mordant for certain dyes, 
in the purification of river water for miinicipalities, and for a ntunbe^r 
of other purposes. The production (U. S,) of aluminum sulfate (filter 

® Chapter 24. 

® German Pat€*nt 94,840. 

.Chapter 7. 

German Patent 8ig,5/]K9. 



JND USTJRJAL CHEM I&TR 1 ' 


um) was: 1929, 344,962 tons; 1931, 304,767 tons; 1934, 316,759 tons; 
)35, 363,985 tons. In 1935, the price for ‘filter alum,’' the cheapest 
•acle of aluminum sulfate, was $20.50 a ton. 

Aluminum sulfate is made by dissolving finely powdered bauxite, 
naturally occuring hydrated alumina (AloOs'xHaO) , from southern, 
ranee, or from Arkansas, Georgia, Tennessee, and Alabama, in sulfuric 
lid of about 50° Be. (62 per cent H;-jS 04 ) to which washings from 
.’evious batches have been added. 

AloOa + 3H2SO4 = Alo(SO.t )2 + 3II2O. 

Several bauxite analyses follow: 

ioli 

AToO- SiOo I.oKs 


Red bauxite (French) 58-60% 3-3.5% 1-20% 20-25% 

White bauxite 50-72 6-23 1-9 20-22 

Gray bauxite 56-61 7-15 1-14 21-25 


Bauxite contains titanium, from a trace to 4 per (;ent T'iOn; it iiia>" :lIs( 3 coulitin 
lenium. 

lie dissolver is lead-lined, and is provided with steam coils and a cast- 
iad propeller. The strong solution obtained is run to a larger lank and 
iluted with water suflficiently to give good settling of the undissolved 
latter. After settling, the clear solution is decanted, or fillercHl in 
’ooden frame-and-plate presses; the bottom mud or press cake is wasiied 
dth water, and the washings used in the next batch. In this diluting 
ank also, before running off the clear liquor, the iron salts are reduced 
y sodium sulfide, sodium bisulfite, or sulfur dioxide gas, from the brown- 
olored salts to the nearly colorless ferrous salts; they are n(.>t .removed 
•ut remain in the alum cake as ferrous salts. 

The clear solution, with its iron reduced, is concentrated in a l>oiler 
Lntil its content of alumina is 16 per cent AloOa^-; the solutit>n is then 
un out into flat floor pans (steel) and let stand over nighl. In the 
norning the pan content is solidified to a white cake, witli no sign of 
rystallization ; the cake is broken by bar and chisel, reduced in a ham- 
ner mill followed by a cage disintegrator to a coarse powder, and 
)arreled. The floor i^ans are usually 20 feet by 38 feet by 4 indies deep, 
h the newer plants, the pans are made a little smaller and set on a 
linge so that they may be tipped when ready to dump; a liammor strikes 
i blow on the under side of the pan automatically when it reaches the 
Droper dumping angle. The fractured cake drops off by gravity. 

The preliminary treatment of the bauxite rock consists of crushing 
n a swing hammer mill,^^ followed by pulverization in a Xtaymond suc- 
:ion mill.=*^^ 

Sodic Alumintmi Sulfate. One method for making sodic aluminum 
sulfate Na 2 S 04 -Al 2 (S 04 ) 3 j is to add nitre cake to alumirium sulfate solu- 
tion, purifying from lead and arsenic (by H 2 S) , and concentrating in 

’2 Crystallized aluminum sulfate, AloCSOOa - ISIIaO, contains 17.35% A1..0-.. 

Chapter 44. 
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lead pans; as long as the liquoi' is 32''' not wi'aker, ihc Icml from the 

pan is not dissolved. Concentration proceeds, until the cook'd mass gives 
a hard cake, which is crushed. All of the water and most of tlu' acid ar(* 
removed in a rotary roaster, yieldiTig a mass ma.d(' up of part ieles Ilu‘ 
size of peas. This material is milled in a Raymond milk aii<l forms a 
very flnffy white' pi)wder, usc'd in baking powtk'rs. ( )n <lissolving in 
water, it must give an acid iK'tion with l)i<‘arbonat t'. 

Potassruni aLuni. Iv^SC ).| -Ak { SO.k) ;{-241 1 uC ) is made* by adding ])olas- 
siuin sulfate solution to a.luniinuni sulfatc' solution, concemt rat ing, and 
letting cool and harden in crystallizers with rcanovabk' sidt's; a small 
amount of mother liipior flows off thc'. <‘rystals, whi(‘h ai'i‘ o(ht‘rwist‘ 
ready for shijuiient. 

Thc production of sodic* ahimimini sidfatt* in 1035 was IS, 351) tons, 
at $55.50 a ton. 

All aluminum sa3ts togc't her for tlui I’nitc'd State's, product'd and 
shipped, came to 408,756 tons, worth $ I (),527,8(>9 (1935). 

l^KCUaKMS 


1. It is rcc|iiircMl ttj pre<hu*(' <'\'('ry working ilixy ISDOO }u)iu)i<ls (►!' a.S.or> per cent 
nitric acid, from sodium nitrato <*ont a iiiiiig 9S p(M* <‘ent. X a N ( ; the \ ield t<» be iK) 
]:)Cir cent. How much so<lium nitrate' will be retpiiiH'd ]>('r da>'. al leii.-^t ( In •( )i'( a i<-a 1 1 \ V 
This chiirgo must be di\'id('<l (‘V<*id>' Ix'iweeii 10 reiorts, (‘a<-h r( aa ‘iv ing inie charge 
per day. 

2. In probloiiL I, how iuan,\' pouiuls of ()(>" M<‘. suifnrie a<'id (OddO per* cent 
HijSOi) will b(' rcMiuircal for changing all thc nitrate' into nitric acid? '!'(» make «a r- 
tain that no unwanted wab'r will come rrem th(' sulfuric a<*id, it is later decjdc-d 
to use 9S i)or c('nt. acid; in tliat c*as(', how maii^' }><)unds will b(‘ laapiiiaal? 

3. Tuo t.t> tho (h'composition of pari, of tlu' nitric, acid, water is fornual, ami 
only r^art of the yic'ld is in th(' foian of lh(' desir('<l .strong acid. If for problem 1, 
70 i)or cent of thc^ rect)\'('r('d acid is in llu' form of 9S.05 ]>('r ('cut UNt).:, the 
renminde'ir in the foi'iii t)!' weak<‘r acid wlii<*li must. b<* marketed sep.ara t ely , h<»\v 
much nitrate and acid will lia\'t‘ to be ust'd? 

4. The spc'cifH*. gravit.y of the* (>(>'’ be. sidfiiri<* a<‘i<l in Pri>blcni 2 is 1 .SMo ; the 
amount roquii'ed is im'asur('<l h\ an <'lc va.t t'tl lf'a<i-lin<‘d box. oiu‘ box for <*ach ladorl. 
of which there ar(‘ 10. ''FIk^ bo.x is 2.5 f('C'1, X 2.5 b'et , and 5*1 inches deep. To what 
height in i.he box (dii)])C'<l with a. Iea<l st ic'k) mnsi, th(' box Ix' filled to jn*()\i<i<* the 
neces-sai-y amount, of siilfuric. acid? \V<'igh tanks aia* now' Ix'ing us{*d ratht>r than 
dip tanks. 

5. In Probh'in 4, what is tli<^ wt'ight. of nitre' cakc' furnisluai by tlx* 10 ret oris 
per day? The nifrc' c-iake will c.niitain all sulf.atc* radic.-U in ( rot hi(‘e< I by the ;ici<i. 
all the .sodinni ra<li<ral brought, by the' niti'.ate, and su<*h watt'r as th<* sulfuric acid 
brought. The sodium nitrate shouhl be consi<l('re<l anhydrous. 

6. The sales (h'partinent calls for 2,750 pounds of (K) per <M‘nt hy< Irofhi i >rit' atdtl 
per day. How” many ]>onnds of c*uh*ium flnorith* nuist bt* fakt'n, if the yiehl is 
92 per cent, and if t.ht' cahdnm flutvritle rock contains 90 j>er c<‘nl 

7. In Probhnn (5, how many pounds of OO"' Be. siilfurit* ac'itl will Ix' rtxpurt'tl? 

8- The mother liquor from a Clhih' saltpetre cryst.iIHzat ion is to be worktxl 
up for iodine. It (contains 9.5 graiti.s f>f c'alcixini iodatt' pc’r lilt'i*, ami thc'U' are 2H,ai5 
liters available. IT('>w many poxmds of iodiTu^ will bt' obtaiiu'fl. the yit'ld Ixdnj?. 
’89 per cent? 

9, A manufacturer eouverfs 1,000 tons of bauxite' year, cont .aiTting 5K per 

cent alumina of which 56 per c^c'nt entc'r the final product, into aluiniutun .--iilfat** 
containing ''16 per cent AlaO;i.*' On the uhiminu in the' bauxite' wdiie'h i.s e'oiisurmxl, 
the yield may be convsiclei’od 100 T>or cent. How many tons pc'r yeair ehx's he 
duce? How many tons for each day of a 300-day yc'ar? 

10. A mixed acid is to contain 46.0 per cent HNOk anti 46.6 |>or cent 
There is available a 49.5® Be. nitric acid, containing 92.03 per rent HNOiu %\ltni 
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til sulfuric acid will be selected, and how many pounds by wcM”;hl, of each 
3 required to make 10 tons of the mixed acid? There are shipi;>od evc'ry week 
ank cars of this mixed acid, weighing? 100,000 iiounds not each. Idow much 
acid of the stren'^th indicated will be required over the week, and for six 
ag days, how many must be produced every day? 

Othkr Patk^jts 

S. Patents: 1,998,106, nitric acid manufacture; 2,018,397, anhyilroxis hydrogen 
de ; 2,055,283; sodium aluminum sulfate, improved method of m:inufac*tiu-e ; 
423, recoveiy of iodine from the adsorbing charcoal; 1,998,011, iodine reeov- 
from impure silver iodide; 2,009,956, iodine extracted from iintural )>riric\s. 
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In the coiir.se of man ii fact urv of soda ash hi/ the old Leblanc proct\^^^ 
there teas dis('Ii(ir(j<'d info t/u' a f m os/}hcr(‘ a stf'adi/ stream of hydrotjen 
chloride; on f/ioist dttys, tlie n('i(j/ihor/iood of sadi a j)lanf ii'<is s}irond(*d 
in a fog. Lairs passi tL such as tlu' AlLali Aid in L ngland ( ISffd) 

which forbade fh(‘ disidiaryt' of siadi eoni'i'ni rat ed ijasi'sA It hi'minn' 
necessary for ni<ut iifacd urers to ere<d td>sorh in g toino's, in udiitdi th(' gas 
was ahsorbi'd in irafi'r, ''Lhe solution so ohtaitu'd ii'as tJu' first 
niercial hydro(di lori(' aidd, then ralbd muriatii' arid, and bii'ame an 
important *"h<‘ai\i/ (die m iiud Ifydrtudilorii' (udd is th<' first (\va nt /lU' iff 
a zraste prodiad iidiicdi has ban sared and (dm raged into a us{ful ora . 


Chapter 3 

Salt, Soda Ash, Salt Cake, Hydrochloric Acid, 
Glanber Salt, Sodium Silicate, Hromine 

Siilt iNiiC"!) o(*<*in-s in in alnu>st unliini(t‘tl < luant ii ins. It is 

tht^ clirec*!. sourta^ of su<‘h sodiiun <•( )inpouin Is :is soda asli, caust i<* s(>tla, 
sodium sulfate^ or salt nakr, nrvst a lliz<‘d sodium sulfali* or <llaid>ta* salt; 
indirectly, t.lirouji;h soda ash, it i’urnishns t ht‘ so<lium for sodium ]>hos- 
phatc and many otlu'r sails. Mornovnr it is tht‘ sour(‘n of (ddorim* and 
of hydrochloric, acid. It is tht* u.’^i's al>o\'<' which come to tlu' chemist V 
mind when he thinks of salt; hut iaumi without it has an imi k >sii ij.!; 

list of us(‘s, which placi^ it amonu; tln‘ important suhs(anc(*s in tin* (‘(*o - 
nomic world. It> scarves to pr(\<<‘rvi‘ meat, tish, and hhh‘s; it is a. comli’- 
ment and as siudi appears on (‘viaw tahhc it is us^mI in dairii‘s; to ^i:i\n‘ 
tcmi^eratiires Ixdow tlu' ic‘(‘ point; and it is us<*d to thaw out swit(*hc*s 
in the wintertime'. Salt t'liahli^s tin* so:ip maker (t) st*parate tlu' soap 
from the p;lycH'rin lye, and tlu' clye luanufacdurer to pri'cipilate his 

products; in addition, salt is <»nc' of the important wati'r soft(*ninL*; a”;t‘nts. 

The form of salt usc'd in lu^arly all the c*h<aui<’al indu.st ries,' in the 
nortliern part, of the luutt'd Statics at any rat<\ is rtx'k salt, cut from 
the solid salt dc'posit l>y nu'uns of a. shaft, art* only a f(‘W shaft 

mines; the thr<‘(' Ix'st known art* at Ivetsf>f, 4ind at Halite nearby, both 
in Idvingston Ck^nnty, X('W York; and m*ar I)<*troif, Miehi|-^,an. 'Phest* 
shafts arc 1017, ll/iO, and 1050 ft*td tlet*p, rt'speet ivtdy . Hesidtss t lu'Si* 
there is a shaft mine in Kansas, and two in boiiisiana. "rht* salt rork 

is lifted to the month of tlu' shaft, cimslual anti sert'eiuxl tci sizta wiilaint 

any other operation for purifuaition. 'Fhi' e€)U>r is a li|»ht rixhlish-hrovviu 
and it is essentially pure <98.5 pi'r rent N'nXUh At Av4*ry Isiniuh 

Louisiana, the salt dome reaches (lie snrf:iet*, anti roek salt is us 

in shaft mines. The <|uality usually runs 99.4 pt>r cuait NalU. 
nroduction of roek salt hy states is ^ivtui in Table 5. In (935, New 

* AnoUiw Aet. in lii74. that th*- tnu x n%*t f lutn It 

ti of HCl pi>r ctibic 

^ Excerpt acMla fw wUi«-U tin* hritn* i?* 

til 



j2 INDUSTRIAL CHEMISTRY 

ifork, Louisiana, Kansas and iSIichioan toy;et.her producoil 93 per cent 
)f the total rock salt mined. 


Tablii: o. — P roduciioti oj Pack JSdlt by Stalt's ni 
(Bureau of Minos, ‘'‘Mineral liosourees of the ITnitt'tl State's,” 1931, part .11.') 

Tons 

Michigan 787,040 OiilitoriiiLL .31t),^i()() 

iSTew York 350,440 West. Virginia 3o,lS() 

Ohio 319,450 XJnciislrihute'tl 130,290 

* Since 1931, rock salt produced is no longer listeil by states. 


Salt is obtained more frequently by means of \vatc9*, sidU. down one 
pipe, and after becoming saturated, brought u]! liy aiioUun* pipi' <*ou- 
centric with the first (partly by hydrostatic iiressure), and thou puini>e<l 
to a refining plant. Such artificial brines permit a (‘luaipto' operating- 
cost, and are well adapted to soda ash manufacture and particularly io 
the making of white table salt. Artificial brines arc obtaiiual in Ni'w 
York State at Watkins, Ithaca, Silver Springs, Warsaw, and luair Syra- 
cuse. Artificial brines are made in Alichigan, wdierc natural liriiu's also 
occur but are of less importance; one field is near Detroit. (Wyandotte) 
and a second one in the center of the State, near Midlaiul. Kansas has 
many artificial brine wells; West Virginia uses chievdy natural brinc‘s; 
Ohio, both. In tonnage produced Michigan is first, tluai, in order, N(‘\v 
York, Ohio, Kansas, Louisiana and California. 

In the dry climate of the western States, salt is found as an nutin’o]! 
at the surface-; in some of these States such salt is utili/a^d to sonu‘ 
extent. 

In southern California, as also in Spain and southern Lraiu^c^ sc‘a 
\vater is concentrated in wide basins, by solar evaporation, unt il f iu^ salt 
deposits; by running off the mother liquors at that point, the bitt.tM' 
magnesium salts are removed. An interesting ai:>plication of Ihc'. same 
method is at Salt Lake, Utah. Of the many salt dei)osiis of t.Iu^ world, 
those at Stassfurt, Germany, underlying the potassium salt beds, (k‘scM‘ve 
mention because they are several thousand feet thick. The bed at R<d.sof 
is 8 feet thick; the stoutest bed in America is one in Kansas, 400 feet 
thick,^ wdiile a Texas salt dome is said to be 3000 feet thick. 

From the brines, w^'hether artificial or natural, a grade of sail, suitable 
for table and dairy use is made by solar evaporation (in the sunny 
climates), by open pan evaporation, or by evaporation in vacu\im pans, 
with one pan (single effect) or several pans (double or triple effc'Kdd ; 
in the latter the steam raised from the salt solution in one i)an l)(HM)rneB 
the heating steam in the next pan.^ The evaporation of salt solutions 
offers this difficulty, that salt is about as soluble in cold as in hot water, 
so that cooling a hot strong solution is not enough to form crystals ; the 


“ 1 I. UA ii ui AC a i/A .ce 

at the side of the hills 


1 ^*^™ OT aalina, Sevier County, Utah, outcrops of salt uuvy \h> aem 
Ills* its color IS red, and it may be fed to cattle. 


* "Technology of salt making in the United States,' 
1917, p. 124. 

^ Cbapter 43. 


W. C. Phalen, iDept. Inttarior Hull, N"o. 146, 
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Wiitcr niiisi :Lctnall\' ])v rtanoved from the hoi. soluiion, until the salt 
droi)s out for la(‘k of solvcait. 

The i)rca‘ii)it at c't I salt is dried in rotary <lrita*Sj frt'cincailly (‘Dnstruet ed 
of inoiud metal. 

''rAiii-K (). — I'fult'd Sltifi’s Salt l^roduri ion i)i Short TonsA' 


,, — — 



^ 

^ 

„ -liKM 

— ^ 



Pit 



PtT < U^tlt. 



tif 'Totnl 


Pri<‘*‘ 

of 


Salt from all soiirt-os.. 

7 , 1 ) 3 (),S 1)7 

S 2.(>0 


7 ,() 12,071 

.•* 2.00 


JOvaporat.tal salt 

2 ,:i: 5 (),(M 2 

(•>.20 

29 

2 , 2 S 1,453 

() 4 S 

30 

Salt, used in hrino foiaii 

3 ,S 37 ,(U 3 

... 

49 

3 ,- 117,439 

. . . 

45 

Rock salt 

* liuri'MU »>f NliiU's 

1 , 759 .21 2 

2 .S 9 

22 

1 , 913 , 1 S 2 

3 .;i 0 

25 


Tlunx' wta't' 71 plants in optaaition in 1935, 73 in 1934; the produet Ion 
of salt in all forms is eom])arat ivedy sti'ady, as may setai by eomi)ai'- 
in^' the iiji;iire for 1931, 7,358,070 tons, with those ^iven in the adjoined 
table, '"riu^ 1931 li<j;urc' was 14 i>in* caait- btdow tlu^ r(a*ord produetion of 
1929. 

Soi>.\ Asn, 'run C \>m MKR( aAij Sodu’m ("akhon-atr 

In tlu‘ Ihiiti'd Sttitc's, soda ash from salt- is ma,dc^ by Ihc* iunmonia. 
proec'ss ex<diisi\'ely ; in I0n^u;land, :i eertiiin amount, dcau'easiii^ yearly, is 
made by tlu^ older lA'blane i)roe(.‘ss; ]>iit even t.herc^, oven* lhrc‘e-(iiiart c‘rs 
of the total pi'oduetion is by the' ammonia proca'ss. In hh’anca', I^('lsj!:ium, 
Germany,'"’ and other (‘ountrii's, tlu' soda ash niade^ is ammonia soda. 
To some C‘xtt*nt, natural soda is isolati'd from the aeeompanyin^ salt.s; 
sxich ntitural sodas and tlu‘ ashes of si'ashore plants were tlu' only soiiiaa^ 
until Tj<'blan(‘ invc'idtal his proet'ss, in tlu^ closing- yc'ars of t,he <.‘i<i;hteenth 
century. 

The ammonia soda, is usually <*all('<l Solvay soda, for tlu^ su(*(*('ssful 
manufactiire, in 18()4, by this proet'ss is due to Idrnest Solvay, a Bcd^ian, 
and many of devie(\s still in use w(*rt^ patented by liim. ^riie }>r(>ees>s 
is based on the*; fact- that wIk'xi ammonium bicarbonate is added to a 
saturatx'd solution of <a)nnnon salt, the ammonium salt dissolves and 
sodium bicarl)onat i' separate's as a solid; if liltercul, dried, and cahdiK'd, 
it is changed to soda ash, or sodium carbonate, TSTaoCGa; 

NllAHMh I Na (4 NjiIlCO.-r 4 NlbCI 

2 NhiH<Ub 4 lu'at — Nu:,C^ 4 ):. f 11:^0 4 ~ (DOu. 

This simple principle proved difficult of application, for ammoniti is 
comparatively expensive^, atui unU'ss it is all recovered, or nearly all, 
the process <‘amiot live.** It was the nearly complete recovea^y of the 
ammonia which enabled Solvay to defeat the well-established Tjel)lan<i 
soda process. 

® Th« iromficniann in*o<luct‘s liboxit litilf the nxinnoiiia Hticla nuinufuctured in CSeouaiiy; 

the other lialf i» Solvay soda. 

® The Tnininuim tuiunint of aninionia in procrt*«H ia <>m--thirtl tht^ aiuoiiiit of aoihi uah it ln'lpa 
make; takini^ tht* low prices of 6 centH for 1 ll>. ISTITa, and 1« cents for soda ash, the amiiu»ni*» 
in i>roces» is worth as ninch as tlit* niateritd pro<lin*i-<l. 
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In practice, a saturated salt solution is treatcul with anuuonia 
and this solution is then saturated with carbon dioxide^; tlu/ rc‘sultiii^ 
suspension of sodium bicarbonate in an aininoniuni c-hloridc^ solution is 
filtered, and the sodium bicarbonate is dried and (ailciui'd. USrc 19 .) 

The ammonium chloride filtrate is treated with linic' and stc'ain to rc^(*over 
the ammonia. The dan|2;er of losing ammonia in this ojxn'ation is not 
great; it is rather in the gas leaving tlu^ carbonating vosst^ls and in 
that leaving the calcining vessel that provision must l>o made to rc‘<*over 
any ammonia which it may contain. 



FifuritK 19. — Siinplifit'cl diaKi iunmii t ic llt»\v 

for the Solvay aninionia, sodii. pror<‘ss. I, hriiu- 
tanks with aniiiionia absorption; 2. <‘:irl )on:i 1 - 
in«: towers; 3, rotary siK^ion filttn-; -1, calc-iiwa*, 
producing the finisln^d product.; 5, milk of lime 
box for tnnm<.iiiiii still Ixdow. annmmi;! 

ciirciilat.<‘s. I.imc' kiln not shown. 


The carbon dioxide is obtained by burning limowtonc^ and this 1‘nr- 
mshes at the same time the lime necessary for trcaiting the unimonium 
chloride solution. It is clear that much fuel is roejuired (,<> burn the 
limestone, to calcine the sodium bicarbonate, and to raise; sliaiin for the 
ammonium chloride still. For the reaction proper, no fuel is reapiired.' 

The ammonia process has one imperfection, in that the; e.hlorine wlucOi 
common salt furnishes is not recovered, except to a small t>xt<;nt.: it 
passes to the sewer in the form of a solution of calcium chloride. 

Brine. As a rule, soda ash plants art; locatt'd 
near the source of salt; thus the Syracuse, N. Y., plant forinca-ly drevv 
brines from the property, and now that a greater supply is needetl brine 

IwSr ^he brtee'i fl neighborhood is piped to Syricuae, about 2() miles 
away the brines flow by gravity. At Wyandotte, Mich., huKC donosits 
of salt are available. The great Dombasle plant in Lorraine, France 
was also located there because of the almost limitless supply of salt in 
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thciv^'ion. H<>(‘k salt may hi' shi])i)oiI in l)y rail, which, however, involves 
an extra I'xpense ior lr('i^:h1. ''Plii' brine must be freed from ealeium 
and ma^;n<'sium salts, \vhi<‘h ti'nd to elop; the earbonatinp; lowers in the 
later steeps. ddiis purification takes i>la.ei‘ in the same vesseds in whiidi 
the ammonia is absorb<*<l. Suidi vi'ssels are usually \iprip;ht I'ylinders 
15 fet't. hip;Ii and 12 It't't wide*, with covers and (‘onieal bottoms. Ammonia 
dissolves in brim' with t'vohitinn ot lu'at , so that ('oolinp; I'l'lls hunp; from 
the eo\'(U' and eontaininp; flowing; eold wati'r form part of the iibsorbc'r. 
Towers with shelves may also Ix' us<m 1, with (“oolinp; (‘oils outside'. 

Th(.‘ briiu' run into the absorlx'r dot's not fill it, for s]nie(' for <'xpan- 
sion must Ix' h'tt; as tin' ammonia L!;as dissoK'c's, tlic' ^'olumc' iner('a:ses. 
At tlu' sanu' tinu', tlu' solubilit y of tlu' salt diminisht's ; by ft'i'dinp; in dry 
ammonia p;as, thus ax'oidiuLi: moist ur(‘ wlu(‘h would dilute' tlu^ briiu' and 
dist\irl) t hi' (‘onditions, tin* dt'siri'd amount of ammonia, may Ix' intro- 
duet'd whih' tlu' salt eontenf rt'inains at the* saturation i>oint. foi‘ that. 
l)artieular ammonia content.” A saturah'd salt sohition at. 15''* Ch (‘on- 
tains 218 jiiranis of NaC'l i>er li(('r of solution, if no ammonia is pia'sc'nt. 
A. solution cont ainiiia (U) uranis of ammonia p('r liti'r is saturatixl with 
respec't to salt if it (‘ontains 275 p;rams XaC'l pi'r lit('r, a, Iso at. 15" Ch 
This amount of ammonia r('<iuiri's only 2(>r) p;rams of NaC'l foi* tlu' rt'ae- 
tion, so that thc'rt' is an excx'ss of (M) p;rains of salt (22 pc'r ct'nt ) ; Ix'causi' 
some ammonia ri'inains as ammonium bic'arbona t (', sinc(* tlu' I’c'action 
Nir.iH("()a I NaC 'I ; Na H ( '( >:; d NllA'l do(‘s not. run to compU'tion 
[to 72 jx'r (‘(‘Ut ft)r p;ood op<‘ratinp: <‘ondit ions ] , tlu' ('xc('ss salt- is rtailly 
soiui'wluit ijcrt'att'r. ddit' <'X(‘(*ss of salt, is di'sirahh'. lirst. hc'eatisi' it. <lri\'(‘s 
t.li(^ r('a<‘tion to tin' rip^ht. sc'i'ond, bc'c'ansf' it- diminislK's thc' solubility of 
the sodium hi<‘arbon:it t'. 

A ci'rtain amount of ('arlxm dioxi<li' |i:as is S('nt into tlu' absorlx'i* at. 
the saint' time, biit not t'nouj.^h to form ummt>nium ('arbonatt'; tin' (‘al- 
ciurn, most of the ma*» lu'siuin,'' and all tlx' iron salts pr<x*i] )it at <*, and 
(‘ollt'ct. in tbt' t'ont'. Aft<*r tlu' j>roper amount of ammonia has bet'U 
absorix'd, tlu' solutitui is setth'd and ilx' t'h'ar ammonia-briiu' blown by 
('()in]>rt'ssed ('arbon dioxidt* to tlu- earbonat inp; lowt'r. A loss of ammonia 
(hirinp; fht' (ri'attnent of tht' !>rin<' is avoidc'tl by (‘ouiieet inp; t lu' ouiU't, 
pipe of tlie absorbt'r to a small lowt'r with sht'lvt's, down whit'h a frt'sh 
brine solution fraveds. By usiup; a battery of absorlx'rs, a supjily of 
nnmioniati'd l>rint‘ is always rt'ady. 

Tlu'rc' ar<' two S(mr<H*s of earljon dioxitU*; <nxv is thc^ linx'st.oiu'. kiln 
whi<'h furnisht^s ft:as c‘onfninin|» 25 to 40 pt'r et'iit (2)0. tht' rc'st Tuninly 
Tiitrnp:<'n; tin* oth<*r stairta' is tbt' ftirnaee in whieli the sodium biestrl)ouate 
is enk'intxl; its ^-cas may be as hip:h as 95 per <umt (2)o. This second 
portion of ihv jtas mac lie eonsidi^nHl as eiretilut inp;. fn sonu' plants, the 

^ SoiJtu* *ii8*v »»t»f SI soitti, whu'h IlHni out vvnili tlio 

'tri.il iti ill** l»i isi fi*>t th* 5 ^:innl, aiul if the* ntiMHiitl. iw miuill, 

ind it t»v tlur mttUfmmt wluOi timirrs bi'raiistit* uiiiiitonin in ti |»oor for 

t.ht> piiriM».vt‘, its i> jixty iloiiblo niiHh wtlli ISTuC*!, 

vUirh coiii fUr wriir, ih<‘ pirvont ttio roiiitiiiiiniititm **f ihi* l»v iriin wiili 

'Tlio fso'iorv* **si|H*rU*nr^* i,'* tliot fU«»s<* wliiyh tiiivo 

thpir itfriflo rtf{t»r»>t£ ItirtMibttybO oerinttf. in;i.ssfw^iu-friHt hrttit*. 
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two gases arc combined in the pnmp house and no (listiii<‘t.ioii is nia<k'; 
in others, they arc used as indicated further on. 

Carbonating the Ammoniated Brine. In the Solvay systtan, (*ar- 
bonation is in towers with shelves, on the (*c)un(c'r-(mrrtMit. 

principle; the brine flow’s dowmward, the gas enters at the base* and 



of the eohiinns and frame's ai'c' in i)ro])()rt i( )n to lh<' 
woijrht of l.lio luatt'via Is tlu'y r('i)r(*s('nl . (Aft en* Kir(‘h- 
ncr.) 

travels ui:)ward; tl)G other systems are gradually a(l()])ting lh(‘ 1 ow<m’s. 
Two towers are used in many of the plants, instead of the', original singhr 
tower; a short first tower, in which enough (airbon tlioxide is fed into 
the solution to form neutral annnoniuin carbonate: 

2NIh -f CO:.> -1- IhC = (X riPXX ).:. ( i ) 

In the second, taller tower, enough additional carbon (lioxi<l(* cui(<u's to 
form the bicarbonate: 

(XII.):.CO:, -I IlX) -I CO:^ 2NH,IlC^():i. (2) 

In other plants, the tow’er is a single unit, iiiid i.h(M-<^ art* st'NH'ral 
towers. If there arc fivci, to take an exiiinj)le, four wouhl lx* aetiv(*ly 
X:)rccipitating bicarbonate; the fifth t)ne would vvci'ivr (h<‘ amnionia.t I 
brine from the saturators, as well as a. inoderatt^ flow of It^an gas (dO 
l^er cent CO2) , delivering at its botttnn t)utlct a clt'.ar rupior, earbonaltxl 
as required by reaction (1). The temx>oraturc is allowtxl to ris<*, rtsat-h- 
ing 32 to 40° C., [90 to 104° F.]. Tlic partly c‘a.rboTKitc'd amnuuualtxl 
brine is an active solvent for incrustations of bicai'bonatt^, whicli form iti 
spite of the engineers’ skill. This procedure then ha.s as objtxd. (1), 
the partial carbonation of the ammoniated brine, (21, th(^ rcnuovnl of 
the crusts. Each tower in turn works four days, an<l on the fifili, it 
is rid of all obstructions. From the fifth tower, the clear licpior is 
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tlividf.i :iu<i ii-d lu .-.lual t,, ...-u-li ,m<‘ of tho four working- towcra 

Till' flow ol lu-iiio Jlo.au'li tl..- tifth towor is four (hues faster than its 
ilow thruu^'h th<- \\ t >r*lv ! n‘,‘ i >r »it at inu; towaa’. 

On trnv.-lue' .h.uu .lu- v^..rkiIlu i..w«-r. (he liciuor meets a flow of 
.slroug earl.oii .in. mo.- - n-. trov.-lmg upward. Reaetioti (2) takes place, 
aiiti >-iu!U It aia •« HI" i> . I't -ai't a m « o 1 , ^ 


'^rhf* t t-n n M ra t \ iv*- 
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IV*- ri- 
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N:tH( a 


XU.C^I 


1 l-*h F. 1 ; hy means of the cooling 
..-A.-r of the tower (.see sketch), the 

1 ' I" e.sseir.ial nol (o lowc-r it. too far, 
.. !-a!ur> -. tlu- s,„li,,iu hiearhouate forms in sucli 
i! ramiii! Ill- ti It t-r<‘< 1 . I'lu' ( <'iiiperal urc' of 20 to 
!..; iii-t-!i iiiiiiid to l)(‘ right tor tlu' protlue.l ion 

U’’ f . 

j t.f.f.' n|»|»fr 2S sftuions, (‘acli IT) iiu*Iu‘s 
' ftiwii- -vsl/ifh ai-f -12 in(‘lu‘s iiifli. ''["he inutcu-ial 
f‘Unin ha> a iloor with i*(‘nlral oixuiluf*, o^au■ 
'f f“ - u j »| H irt I •< i ]>\" ihi'e(* I )ra ('k(‘( s. '^Fhe risinu; 

U‘ Hif-. 'Tlu* l()\v(‘r s(‘<*ti<)ns havc‘ nc'sts 
\\rfueiu iron has prox'ed a lilt.U‘ more' 
Uaor .a t:ul- may la* c>l)tain(‘(l from iifurt' 19(). 
Mtai ihi*- ttiwfi* i< not a l)u]>])l(‘ lowia*; tlio 
•«' if.'f r(*t>iiH* ; it moots only tlu^ laiiii and 
<*r -duri'y. Maoli sli(‘lf is flushiMl (doaii of 
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firnm typo iti ihv • di>iv lyptn 'PIh* <‘uk<‘ is vvuslic^d to remove 

all aiiuimtihiitt ai the samt‘ tittu* ubttui- 10 [uu* c<‘nt of the bicar- 

bunute y ;tIso f d nn*i !msi. In siiiie nf the washing there is left 

soiiu* Htutiiorduif & IfMat! bonitf in tin* eakis aiul its ainTtionia must l)e 
reniven * 1 : Uu tUMu\ hirlitnuU^ly, fur tlu‘ nininonia passes out 
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Figxjrb 19b. — A carbonatino; in iho ;nnint>nia rot I a 

procfis:^ (Solva.v); it is C9 iVot- hipili, and b-ft in 
dianxetcr- 

1. Entry for aniinoniatod hrint', ns(‘(l whtai tin* t<»\v<‘r 

is bcin«- clt^anc'd. 

2. Entry for the aininonial tai lor lht‘ rtandar 

bicarV^onate pi-cndpit at ion. 

3 and 4. Carbon dioxitlo rnlrit'S. 

5. Outlet for iho bicarbonate^ slurry. 

6. Cooling water inlet, and 

7. Its outlet. 

S. Escape for uncondc'nsecl ^ases. 

The supports for the domes iiol- shown. (Modeled after 
Kirchner, p. 41.) 


with the carbon dioxide on calcining the sodium bicarbonate^ aucl the 
two gases together are sent to the carbonating tower. 

Calcining Sodium Bicarbonate. A great variety of de^vdccsr^ arc* iisc*d 
for the calcining of the bicarbonate, which in by no means an easy 
operation. In Europe a covered i>an witli Bcmicircnilar eroHS-siad ion utid 
scrapers having a sidewise motion (Thelen pan), with cnitsidt^ tiring^ is 
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iisod. In Anu'i'ic'a, the rotary furnace with horizontal axis, with 
tnitsifl(‘ firiuf:;, is favored; to prevent the forming of insulating crusts on 
tlu^ walls, soinc^ of the' hot eake ixist discharged is mixed with the cake 
to be ealeiiu'd. 'The gas is saved in all cases, and forced into the car- 
bona.ting d('vic*es. 

4- Il^o -f- CO:.. 

''PIk' dis<*harg(Ml (‘ake is light; for many uses, a denser cake is 
<hana,nd(‘< 1 ; by (‘ahdning nt< a. higher heat, the density is raised, but the 
dens(' soda, ash of (‘oniinorec^ is made by ad<ling water to the light soda, and 
re<rah‘ining. 

An analysis of a good <‘ominereiii=l so<la ash made by the ammonia 
soda. ])roe(‘ss follows; 

PcT 

X a :■('<>., 09.50 

XaCM 0.20 to 0.25 

X:t:..S<). 0.02 

1 nst)hil »lc 0.02 

I\I<>i..-f Tir(‘ ])alanc*.(' 

''rinaH' is a trenuaidous saU' for the biearl)onate to be used for baking 
l)ow<l(‘rs, but for this ])ur[U)sc\, the material must be purified, chiefly of 
ammonium salts, d^lu' (*rude sodium bicarbonate may be recrystallizcd, 
or a, solution of soda, ash may be <‘arbonated. In 1935, 135,000 tons 
of r(di 11(^1 bi(‘arb<)iiat (' w<'re ]>rodu(‘ed, and sold at $29 a ton. 

'‘PIku’c' is also a market h)r (‘rystallizod sodium carbonate, jNTaoCO.s- 
lOII-t), <aill('d sal soda,, and made by cooling a solution of purified 
sodium ('arbonatc' of tlu' proper eoneentration. In 1931, 48,480 tons were 
produe('d, with a. market price of $27 a tt)n. 

Ammonia Recovery. 'The bulk of the ammonia is present as ammo- 
nium chloride, NH.iCd, in the filtra.tc from the bicarbonate; some ammonia 
is f)r<'s(mt. as enrbona,t(', <‘arbamate, bicar]:)onatc. The recovery is per- 
fornu'cl in a. modca'ii ammonia still, such as the one shown in Chapter 
14, in which the free ammonia (carbonate, sulfide) is driven off first, 
uTul then only is there lime ad<lcd in order to liberate the fixed ammonia 
(sulfat(', eliloridcd . 

2N1I*CI 4 Ca(C)ir):. = 2NIT 4 CaCh 4- 2H::0. 

TIh' (‘aleium cdiloridc passes out at the bottom of the still. 

'^^Phe run-ofl* from still or tower contains no ammonia, or only a 
trace'; it is blown by steam j)X’essurc to compartment settling tanks, and 
thtu’c settleel; the clear liquor is removed, and the semi-solid lime mud 
carted to the dump. 

Tlie aitxruoniiim chloride liquor contains about one-third of the orig- 
inal salt (ISruC)l) unchanged; it is better to waste it than to have a less 
complete ixuietion. The calcium chloride formed is partly wasted; but 
part of it m made into a concentrated calcium chloride liqiior, the 
'T>rine*' of the refrigerating plants; the diluted solution is also used to 
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sprinkle on dirt roads. ^ A considerable portion cd’ tlie cahnuni <‘hl<)ri< 
formed is evaporated to dryness, and used as statc'd bc'low unden naliu 

calcium chloride. • i - 

A lime kiln which allows the recovery of the (airhon dioxah^ is use 
(Chapter 9). The gas from such a kiln contains the fir(^ gasc's as \v< 
as the carbon dioxide from the limestone, and also dust. It is passe 
through a three-tray box, where it meets running \yat(a*; the dust 
deposits, and the gas is cooled. From here it is iorcc'd into tin' (‘ai*b<>n- 
ating tower. 

iSTatural soda occuring mixed with sodium chloridt' and sulfate as 
well as magnesium salts may be isolated by tre^ating tlu' solution with 
carbon dioxide; sodium bicarbonate i>reca}^itat('s, is flltiuaal ott, and <‘al- 
cined to soda ash in horizontal rotary (‘ylinders.*'»^ 

The production in the United States tor 1935 lollows; 

^ri.v 


Soda ash l>y aninioiiia prof<'r^.s . . 
Uatural and ckn't rolyt ic soda ash 


i>,r)()s,r>r>i) 
<) i,sr>r> 


The selling price in 1935 was $15.19 a Ion for anunonin soda, whil(‘ 
in 1929, it was $19.00 with a similar production. Tin' natural soda ash, 
93,230 short- tons (valued at $12.80 a Ion), was ]>rodu<*od from brines 
from Owens Take and Scarlcs Takc^, in Chili fornia, (1935), 

The estimated distribution of soda ash sales is givtai in d'ablc 7. 


T.\BnE 7 . — Eslimatcd Oist ribuiioyi of Noda A,^/i Sal(‘s in tin- ('niftt/ 

(i/K .S'/? fjrl I 


Ourisunuii<i iiifliishw 

Glass 

Ohemicats 

Soap 

Cleansers and modified sodns 

Pulp and pai^er 

T extiles 

P^xports 

Water softeners 

I^etroleiim refining 

MisccllurLoous 

* Chem. Met. Brio., 44, 77 CIOS?). 
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Natural Calcium Cliloride. The inotJier licpior from ibe salt crys- 
tallization contains calcium chloride and nuigiu^siuin cliloridi' mainly. 
A good part of such liquors is concentrated to n high sail conlcnl. and 
then “flaked" on a flaking machine oi' clhp machine. 'Tin- prodtud. is 
packed in paper-lined burlap bags and serves in the (.rcatineni of rosuls, 
coal and coke for dust lu-evcntion, on tennis eoxirts, for r«'rrig<*raru»n, 
and a variety of other purposes. In 1935, 83,54(> tons of Ibis c.'ih’ium- 
magnesium chloride were produced from natxiral hrines in the fnitcil 
States. 


o Calcium chloride is hygroscopic and retains enough moisture to ley the dujd. 

ivr .sodium, often mentioned in the literature on 

NaoOOa • NaHCOfl ■ 2 H 2 O, and is also called **trona.'* 


mtttiml r Of trie itt 
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Siilt cake, the <‘C)ninierc‘ial arihydi’ous sodium sulfate, was iiroduced 
oriiriiially by the action of sulfuric acid on salt (KaCl) in the pot and 
niufiie f)ro(‘ess ; within the last thirty years, the use of nitre cake instead 
of the frec‘. a(n(i, with the sodium chloride, roasted in mechanical fur- 
naces, ren der(‘d the first process obsolete. It was partly in order 
to consuiiu'. tlie nitre cake on the market that the mechanical -salt cake 
furnac<‘ was di'vcdo]UHl. d''o-(lay there is so little nitre cake that there 
is not for the doniestie market. In 1935, 27,933 tons of nitre 

eak(^ w<:^r(^ rc^poi'lt'd i)ro<Iuc‘<:'d (I'.S.) ; in 1927, 153,615 tons. The ton- 
nai»;c' of salt <aik(' l)rodii<‘ed lias alst> dropped, partly for the lack of nitre 
(‘ake. 'This is i)(‘rh:i])s not a real reason, however, for nitre cake may 
bc^ ma<h‘ from salt and sulfuric^ aedd: NaCl H- TToSO.i IICl -f- jNTallSO.i. 
''Phis nitri" eakc\ whi(‘h has m^ver seen iiitrc', may be mixed with salt 
and fcal to tlu' mtadia.ni(*al fiirnaeo just as well as the true nitre cake. 
''Phe amount, of liy<h'ochloi’ic acid i>rod\ieed, let it be noted, is twice as 
ti;rea.t., and a marked must l)f' availa:])le for tlu^ additional amount. I^ess 
salt. <*akt‘ is produced wlitm startino; with sulfiiric acid, t.han when start- 
ing widi nitrt' <‘ake' from the old nitric acid still, for this nitre c*akc is 
already half salt <*ak('. 

^riiv short a^(' of sail (*ake' (‘onu's at, a time when one of its main 
consuiiHU's, th(‘ sulfate* ]>r(>c<‘ss for wood pulp, has increased its require- 
ine'iif. fe^nfolel o\'(*r its ne'c'ds of twe*ha* yeai*s ap;o. A larg'c ]>roi>or(,ion of 
salt cake* for this industry had to bc' im])orl.ed ( 110,379 te^ins in 1935). 

''Phe* still younji; me'edianicail salt eaike furnace faces another difficulty. 
Not only is the* tiit re* cake, which brouj 2 ;lit half the salt cake, almost off 
th(' nuirked and no Iong;er ])rodu<*e<l in sizable amounts, but other sources 
for liydrex'hloric aedd ha\'c* r(.*stric(ed the market for its second product. 
All tlu'st^ factoi’s conspire* to make tlic mechanical salt cake furnace a less 
im]>ort ant ch'vice*. 


^Puk AIan-nhkim MixvirANicAT, v^alt Cake Fur]xace 

hc'st known nuxduinieail furnace is the Alannhcim fxiriiace. It is 
at! automatic <l<*vic(*, with (‘.ontinuous operation; tlic labor is a minimum; 
espeadally is the* labor of i)ullin^ out the fuming salt cake by hand rakes, 
a sufTo(‘atin^ o|)(*ration, remdered unnecessary. When using nitre cake, 
th(^ r(*a.<dion is NaX d f- NaTTS 04 IICl -T NraoS 04 ; it takes place to near 
com]>l(*tion at 650'^ C. (1202^^ F.) . 

Tlu* Mannludm furnace consists of a circular muffle of cast iron, 12 

k ' 

feet ill clisiiticit'r, with bottom and top dish-shaped; the inner height 
at the eir(niinr<'ron<*e is 20 inches, in the center 40 inches. A shaft pene- 
trates it from ludow and carries four arms, each of which carries two 
cast-iron plows. 'I'he shaft is rotated slowly, 1 revolution in 2 minutes, 
by t-lie gear and pinion indicate<l in Figure 20. The mixed salt and nitre 
eakc is fotl in from the top near the center, and is moved to the ciroumfer- 

CS«»ritinn Patf-rit 137,fM)6 (1900>, Mechanischer Oalcmirofon, by the Mannheim Veroin. 
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ence by the plows. Plow 8 is wider than the others, and discharp;es the 
burned cake (now salt cake) through the opening of the chute (Fig. 21). 
Here the cake accumulates to some extent and is removed in small t nudes 





Figure 20. — Mannhcdm iiu'dauiifa I 
salt cako fiirnaco, willi hy<lr<)^on 
c-hloride as by-i>rodu(*t . 
cnlors at A and is < lisc-liMrj.::f'd at 
C; tho "as pass(\s on! at R. 'TIk^ 
eight plows are laitatcal from h(^- 
low, by gear D; the sJia f t. may Ix' 
water cooled a.t E 


to the storage bins. The discharged cake is yellow ami turns whi(t‘ on 
cooling. 

Some of the details of construction of the muffle will he plain from the 
illustrations; the bottom is a single casting, also the toi). ddie 
consist of a number (12) of curved castings wliich assembled pi’ovidi^ Hiree. 
doors; one of these is over the discharge opening and chute. Facdi plow 
differs in length of shank; and each is slightly turned so that, (lu^ eak(' 
is swept outward. The heat is furnished bv a small fir('pla(*<\ '‘(die fir(‘ 



Figure 21. — ^Plan view of the 
Mannheim furnace, showing 
bottom casting, the eight 
plows, and the lanes which 
they sweep. 



gases enter over the muffle^ heating the top; then travel to the; luuUir side 
by a passage m the brickwork and heat the lower side; from hero they 
pass out to the chimney. (See Fig. 22.) The temperature is registered 
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by a i>Iatinum resistance ])yrometer ])lacecl in a protc-M‘.tino- cai^t-iroii 
tube reaehin^ 5 >- into tlie center of the inuffic from above. 

The salt used is rock salt, of the fineness of sand; it may bc^ either 
purchased in that form, or if coarser, i-educed in a swing hainniei* niilld'^ 
The nitre cake, in pieces 1 foot across or smaller, is fed to a pot crusluu’ 
or jaw crusher the iu'oduct, the size of walnuts, is reduced to a (‘oarse 
powder in a scpiirrel-cagc' disintegrator or a swing hammer mill. Salt 
and nitre cake are carefully mixed in some plants by placing eciuivahait 
quantities (250 ]H)unds of salt and 700 pounds of nitre caike, for examplcd 
in a rotating cylinder and mixing for 15 minutes. In other plants merely 
dumping salt and nitre caike alti'rnatt^iy into the ho]>iK'i* serving llu^ s(*rew 
eonveyoi* wliii^li brings (hc‘ c*ake to haMl pipt' of t lu^ mufllc^ is found to 

give sunicieiit mixing. 

The rcaicti^)!! is jirec'cdc'd by a fusion; tlie nitre (‘akti fusees tirsi. Tlu^ 
effect of higli sulfuric acid on the fusion i)oint of nitre c*.ake is not so 
great as tluit of the moisture content; 10 per cent moisture lowers the 
fusion i>oiiit from 320'' T. (160“ Ck 1 for the dry (‘ake with 37 ]ku* camt 
HoSO-v to 210'’ K. (99'' Ch) ; while' 10 pc'r ca'nt sulfuric' ac'id addc'cl to the 
dry nitre caike has almost no effect on its fusion point. 

Temperature and Capacity. The'' temperature' of the muffle is indic'atc'd 
by the pyronu'ter and is not kc'pt c'onslant, hut is iiu'rc'asc'd slightly as the' 
wearing of (!]<' p]o\\'s progrc'sses ; it lic's bc'iwt'cm (325'^ and (>75'’ C\ ''rhc' 
guide is thc' daily analysis of tlu' salt cake. A well buriu'd salt (*akc' 
slioidd c'ontain 2 pc'r c'c'iit- or Ic'ss NaCd, 1.5 pc'r ca'iit or h'ss ir.jSO.i; if thci 
c'ake runs highei' in ln)th impuritic's, the tc'mpc'rat urc' may bc' inc'rc'asech 
Other ways to control thc^ cjuality arc' to c'hangc' tlu' rc'lative pro])()rtions 
of salt and nitre' cake*, and t hc' absolute wc'ight fc*d in. In tlu^ 12-foot 
diaxnetc'r muflle, six Ions of good (*akc^ may l)e in’odii(*ed pc'r day. 

Tengtli of Run. The jdows will nc'C'd renewing c'veiy two months 
(api)roximatc^ figure') ; tlie bottom casting may last two years, but onc^ 
year is considc'rcMl fair c'uough; the top ciisting and the' side's will outlast 
several bottoms. lift' of the rilows may bc^ lengt.heiu'd by making 

the bladci of duriron and liolting this to a cast-iron shank. 

Safety Flange. Should a plow become jammc'.d against some for- 
eign object a lireak may occur in the gears, which would be an expensive', 
accident. This is prevented by fitting the pinion shaft with two fiangc'-s 
working through a pin whoi^o size is chosen just sufficient to carry thci 
load. Any suclden I'osistaiico will break it, and at tlie same time indicate 
that the obBtruction must Vie removed. 

Pot Stills. Thc dwindling aitiouiit of availablci nitre cake from the 
nitric ac'id retorts is supplemented by the product obtained as still residue 
when salt is treated with sulfuric acid in tlie proportions indicated liy the 
reaction: ISTaCl -f* =IsraHS 04 -h HCl. 

li* Chapter 40. 

Oliapter 44. 

Chapter 45. 
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Til© T^aiiry Fiimac©. Tli0 sBConci wBll-known luLriiiice iiistcillcd iii 
American plants is a two-stage rotary cylindrical lurnaced'^ not unlike 
,he cement furnace, but shorter and stouter. 

The production of salt cake (U. S.) dropped from 206,612 tons in 
L929 to 121,366 tons in 1931 and rose to 169,197 tons in 1935; the ]n)rtions 
.vhich were sold on the open market brought $12.00 in 1929, $15.00 in 1931, 
a,nd $11.00 in 1935. 

The use of salt cake for making Kraft paper lias been mentioned; 
it forms part of the batch for the window glass furnaces, is tlie raw 
material for Glauber salt, for sodium sulfide, and serves in other numer- 
ous minor roles. 

Natural sodium sulfate, produced in the United States anti sliij>|)t‘d, 
was 38,706 tons valued at $9.75 a ton, in 1935. The principal sour<‘es 
were Campe Verde, Yavapai Co., Arizona; Mina, Mineral Ck)., and 
Wabuska, Lyon Co., Nevada; Casper, Laramie Co., and Rawlins, Ckirbon 
Co., Wyoming. Almost an equivalent amount was shi]i])ed frt)m C -anadian 
deposits (Saskatchewan) . 

The Leblanc Process for Soda Ash. In the Leblanc jiroct^ssd^’* salt 
is treated with sulfuric acid, giving sodium sulfate and ]iy<lrogcm cldoridt- 
this first step was retained for the manufacture of hydrochlorit^ acid with 
sodium sulfate as a by-x)roduct. The salt cake (sodium sulfate) mixt*(l 
with limestone and coal is heated in a short rotary furnace, i)roducing tla^ 
^•'black ash'^ which after leaching with water gives a solution of sodituu 
carbonate containing also caustic. This solution is evai)orat.(*d by the* 
waste heat of the black ash furnace, dxiring which proex^ss it- re(*(^i\'(‘s 
enough carbon dioxide to form all carbonate. The motioliydra,(.c‘ Na-jCH)., 

■ H 2 O separates, and is dehydrated completely in rev(vrb(*rat-orv furnac(‘s. 
A part of the soda ash was made into caustic soda by treating tlu^ solution 
with lime, so that a lime kiln usually formed a ])art of thc^ plant. ’'Vhv 
Leblanc process, even though no longer practiced, is one of tla^ most 
famous processes in industrial chemistry. In the courses of it.s d(»v(doj>- 
ment, fundamental engineering ixrincij^les w'ere recognizt^d iind firmly 
established (the counter-current j^rinciple for exam]>k^ in the Slianks 
system of lixiviation) . 


HYDROcrmoRTc Acid 

Hydrochloric acid is made (1) from salt, in salt cake furniu^es ; ( 2 ) by 
burning electrolytically produced chlorine in excess hydrogen; (3) as by- 
product from the chlorination of hydrocarbons such UkS p<‘ntan(^ an<l 
benzene. 

CoHo + Cb == CoH«Cl 4- IICA 


tJ. S. I>atent 1,435,930 (1922) to N. A. Laury. 

10 Invented during the period of the French revolution, by KichohiH l.tdUunc. a '’i'h^ 

rec^ve the promised prize from the government, im<l Ins t)lunt fr<»m tlu» 

political upheavals. For a century civilization has ejijoyed abundamu’! of wuulow gliiKs, in 4 *xt>cnsive 
soap, thanks to LeBlanc's genius, but he himself died unrewarded, unthankcxl, iu tui a^ivlitxu. by 
his own hand. , * ^ 
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A fourth luetliod cinplc\vs clilorino iind stc;iin over hented coke (.350^ 
C. ; 662'"' .F,) cont iiininii; iron compounds as catalysts, or cliarooal, to whicli 
iron oxide has l)eeTi added. 

4- 201:: --=-4IK4 } (>2 

HydrofJ!;cn chlorides is a .a:as ; on coolini*; to room tc‘inperatur(^, it, does 
not (‘ondense to a, liquid, as docs nitric aci<l, but it must he dissolved in 
water. The ordinary cominercial strength is 2()‘' Be., at (it)*'' F. (15. 5'" Ck), 
containin< 2 ; 32.4(> per ecuit IKd. The system for absor}>tion is esscmtially 
the same, whi(‘lu'ver method for the produ<‘tion of hydrogen chloride is 
cmi:)loycd. As an example, the gas from a Mannlieim furna(‘e may be 
taken. 



The gas from the Mannheim furnace passes through a lO-inch stone- 
ware line, <'oated with tar to close the pores, to a short stone box, wh<*re 
it cools further and d(q>osits most of tiie sulfuric a(*id wlu(‘li it carriers. 
From tlu’: stone box, it i>asses to S-bend coolers or to (/cllarius vesseds 
set in running water; tlie cold gas then passes to the absorbing towers, 
wliere tlic solution in wa,ter or weak atdd takes pla(*e. d^owcu' No. 3 
receives cold water, and delivers at the base a 12'" Jh'. a.(‘id, which is 

warm; before feeding it to No. 2, this acid passes througli about <> 

lengths of l-ineh glass tubing set in cold water. The, cold aeid is 
elevated to the top of No. 2 by a sixiall automatic, hard-rubber-liiu'd 

elevator, or by a 'hnonte-jus”/^ a gentle stream of air into a l-in<^h 

glass pipe so that it forms gullets of liquid which give a brokem (ujluttitx 
easily pushed up. The acid solution from the base of No. 2 is cooled 

Oerman Patinit 427,539 C1923) ; arc altto ** Manufacture* of hydrochloric ncid from chlorine/' 
Wilhfjlm if Iradikind, Jnrf. ISnp. Ohern., 17, 1071 (1925). 

^ onte-Jus is French for juicc-raiser. 
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and fed to jSTo. 1, where its maximum strength is obtained. The aeid 
from iSTo. 1 after cooling is the 20*^ Be. acid ready to ship. The daily 
production for a furnace furnishing 6 tons of salt cake is abt)ut 9()()() 
pounds of 20° Be. acid. 

The towers are made of stoneware, usually in 10 sections, oa(*h 30 
inches high, and 36 inches in diameter; the packing is coke, of carefully 
selected sizes, or 3-inch spiral rings of stoneware. Three towcu's arc 
sufficient for complete absorption, but in many plants four are us<:‘<l, and 
in the summer months^ even five. 

The gas is pulled through the absorbing system by a fiin sid;, at the 
exit from the third tower. {See Fig. 23.) The fan is prolcad.i'd irfiin acid 
mist by a small coke box, so that a lead-lined fan or evtm an ordinai'y 
steel fan may be used. The suction exerted on the system is so rc'giilatcHl 
that it is felt at the muffle just enough to prevent tlic gas from i>assing 



l^iGUKB 24. — Colliirius stoneware vestsc'l for etM.ilinjj;- ; 

tlie gas enters at A aii<I Ic'a v^cs a(. />'; (lie vessel is 
set in running water, wi(li only ( Vjc'lls j )ro( rn< 1 ing. 
C is the outlet for any liquid whicti may <a>iidense. 


S|i Ms M! 


I 1 i \A 3 



Kiguiie: 25. — Ccllariiis s( oiuuv'art^ v(\ss(4 for aeitl (a>t)liiig 
and absorption; the gas caitcrs at A an<l Waives at. If; 
the acid solution ontei’S at O tnul must, travel to the 
roar of the vc\ss(d and tht'ii furwai'd again in order 
to roach the outlet /), hocaiisi^ dam E is in way. 

The vessel is submi'rgcul in water. 


around the working doors into the room. The strong gas ina,y also he 
propelled by a stonew^arc fan set between tlic cooler and thc^ first tower. 

The stone box is built of sandstones which have been boiknl in tar to 
prevent the acid from penetrating them; the stones are hold together by 
cast-iron corner pieces and rods. The joints arc made tight wit h rubber 
gaskets, or with asbestos cord smeared with china clay an<l linscu'd oil. 
The cooler may be made of S-bends, stoneware or fused cpiartz; for one 
furnace, there would be 5 rows of 4-inch S-bends, of wliitsh one is shown 
in the illustration; these pipes are cooled by a small amount of water 
trickling over them. 

In some installations the towers are sxipplemented by (Jellarius vosscus 
of stoneware, about 46 inches long by 28 inches across, for acid cooling 
and adsorption (see Fig. 24) . The design of this vessel nrnvides for max- 




SODA ASH, SALT CAKE, HYDROCHLORIC ACID 


77 


imum absorption surface to a given total volume of solution. The function 
of the cooler S-bends may be performed by the Cellarius for gas cooling, of 
the same dimensions as just stated, but constructed in the oi>posite sense, 
so that it liolds no licpiid. The illustration (Fig. 24) will indicate the' 
details. 

Acid made by method (3) involves the removal of any uiu'hlorinatec I 
liydrocarbon i)resent in vapor form, then absorbing hydrogen chloride^ 
in water in a coiddiuious system. h''or the recovery of hydrochloric aedd 
obtained as by-prodiud of pentane chloidnation, a [)lant has betai 
described. 

Acid made by nuM hod (2), namely by burning chlorine in hyilrogen, 
absorbed in towca's with iron-free packing, is a water-white acid, c'sscai- 
tially (‘hemically pure. It more tlnm meeds the rtHiuirca ncaits for the 
chemist’s ChP. a(*id. A patente<l nud.hod iivoids an c'xca'ss of hydro- 
gen with the consc'cpient n(‘(*essity of s(*rubbing tlic' gas to reworked, 
by using the undiluted gasc's in a systcan <‘lost‘d as to escape^ gasc's. 

Acid made by method (1) has a pah* yedlow color; it is shipi)ed in 
glass carboys of ■12-gallon capacity, set in a wocxltai protecting box, or in 
rubber-lined wooden tanks, four tanks to a Hat railroad car, or, t.o a, 
lesser c'xtcait, in stixd tanks lined with wood iniprc‘gnat ed with a, W'ax 
tar. Tldie t*ont(ait of arscaiic* is usually ().()()()2 pea* ccait Aso()..j in the com- 
mercial acid; this low figure' is diu' to the' us(‘ of (‘ontacd. sulfuric ii(‘id 
which is mad(' from carcd'iilly purilic'd sulfur dioxide' gas, itsc'lf obtained 
from s('h‘<d('d orc' or from sulfur. h^oi* (x'rtain ])urpos('s a still i)in'C'r 
acid must Ix' furnislu'd; from tlie pot. stills, an acid is made with an 
arsc'nic* contc'iit of ().()()()()5 pt'i* (*c'nt As^tlrt- ''Flu' ])i*o<hudion in 1935 was 
264,500 tons of 20" Be. aedd or its e( piivtilent , and the niarkc't i)ri(*e $18.10 
a ton. 

To illustrate the relative importance of the different procc'sses, the 
following partial 1935 figures are given: hydrochloric aedd 20“ Be. ma<le 
from salt, 145, ()()() tons, from cdilorim', 9950 tons, by-product and othc'r, 
14,000 t ons. 

Hydrochloric* acid is used to c*lean stec'l bc'foro galvanizing (dipping 
in melted zinc), in wire' steel i>lants, in tlie nuinufacture of dyes, and for 
a numbc'r of minor purt)oses. 

OT.Aunnu Salt 

Glauber Salt (NaiiSO-t-lOTIuO) is a purified salt cake; the Cdaul>er 
plant is \isually adj accent to the sidt cake storage bin. 

Salt cake is dissolved in hot water, best in a circidar wooden tank 
with stirrer. Steam is i)assed in during the solution to make tip for 
cooling to the air. The solution is made as strong as i)ossible (32’^’ Ih".. 
hot) , lime is added to neutralize the sulfuric acid invariably presc'.nt, 
and to precipitate iron liydroxide and alumina. The licpior is allowed 

solv«»nta from natural |?as xn^ntanes/’ H. Chirk, hid, JfCtirf, 22, 4:il) 

(1930), with 2 

U. S. Patent 1,414,762; atre alxo N". A. baury, ‘Ulyilrochloric arlil ami MtKliuni Hulfah*,'" N»»\v 
York, Chemical Catalog Co., Inc., 1927, Chapter 8. 
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to settle, and the clear portion is run into the crystallizers. I he 
bottom is filter-pressed, and the filtrate sent to the ci > st-«.illizei s. 

The latter are usually wooden forms lined with lead, If) teed, lon^i;, 
6 feet wdde, and 2 feet deep. On standing over night, crystals forixi; in 
the morning the mother liquor is run off by removing a wocxhni ])lug 
from the outlet in the bottom of the crystallizer, and the*. (*rystals 
shoveled into low trucks on wheels; these are pushed to unv ol sc'vera.I 
openings in the floor, through which the crystals are (liiinixxl into tlu^ 
storage bin and shipping room below. The mother lupioi- is <*oll(x*Uxl 
in a low tank and pumped into the dissolver, rc'plaeing, Ixeing 

heated, a part of the water. 

The crop of crystals in the wdnter months is greaUa* than in tln^ 
summer; in fact during hot spells it hap])cns that no (‘i \ st-alr^ at all 
form. For this reason, a stock of crystals is aceunuilated in the wint el- 
and spring, and stored in bins closed on all sides. Ventilation nius( 
avoided, for Glauber salt loses its w'ater of (-rystallizat ion on exixosiin- 
to the air. 

Glauber salt is crystallized from an acid licpior, in order to obtain 
colorless crystals; from a neutral liquor, slightly eoU)rc-d brown crystals 
form. The composition is: 


Na.SO.., 10H.O 07.52 

yjaCl 

Moisture 2.25 

Feo(S04)a 01 

CaSO. 022 

Free acid .008 


In a few plants, iron crystallizers are used, and the. licpior is kepi alka- 
line; this results in a product slightK^ off color. 

Glauber salt is used extensively in the textile ind\istry ; in 1 
40,735 tons of Glauber salt were produced; the inai’ket pri<-t‘ was $13.48 
a ton. Its manufacture is interesting not only becaust» of tin* liigli 
purity obtained but because, by making the first hot solution stroixg 
enough, no concentration of any kind is needed. This priindpli* is fol- 
lowed in the chemical industries whenever possible. 


SODIXJM SmCATK 

Sodium silicate is made by fusing together sand and stxla ash in tlx^ 
proportions of 100 pounds of sand to 52 i^ounds of soda ash. Its fornnila 
is somew’^hat indefinite; it lies between Nao0.3SiO:> and Nai-C ).4SiC It 
occurs chiefly as a thick syruj), a water solutioii of tlie solid (30' ’ to 
40° Be.) . Sodium silicate is commonly called wiitcr glass, wlu^n 

solid it is a glass, and because this glass, unlike tlie liine-sodu glass, 
ordinary window glass, is soluble in water. The melting is |>er formed in 
large tank furnaces similar to the window-glass furnace*.-** *^Vhv mate- 
rials are introduced in batches, at intervals; the t>roduct mav be drawn 


20 Chapter 11. 
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off cont inuously or pcM'iodic'.nll^". A mixture of sodium sulfi.ite and coal 
may he used instcuul of part of the soda ash. 

As tlie nudt h^avt's t.h<^ fui'na<‘e, a stream of cold water shatters it to 
fra,i 2 ;incu\ts ; the^sc^ are dissolved by means of superheated steam in tall^ 
rather narrow st<.a‘l (\vlinders with false b<.)ttoms,-^ and tlie resulting 
liciuor (*larifi(al.““ Sodium siruaites are sold in solutions which vary from 
the most, viscous, (>9'’ He., to thinner onc's, reaching* fLiially 22*^ Be. solutions^ 
adaptcul for painls. ''ldic‘ dry material in the form of a ]K)wder is also on 
the miirk(‘t, ami is nia<le ])y for(‘ing the thiede licpior through a very fine 
optaiing into a chambtM* swept by a ra])id (uirrent of cold air, which 
(‘-arries oiT tlu^ moisturt'.-*^ Hcauiuso sodium silicate is hygroscopic, pow- 
<l(‘rcHl sodium sulfate* is sometimes in^^orporated with the solid silicate 
to prt‘Vt*nt caking. In (‘omposition, tlu^ sodium silicates may be varied 
from 1 Nai»( )-2/»l Si( to 1 Naii()'3.9 SiO^ ; they differ in alkalinity from 
Pn 13.2 for Nai>0-2/3 SiO^, t.o ]ni 10.8 for the NaijO-S.O SiO^ silicate, 
mc‘asur(‘d in 1 per c(‘nt. solutions. In tht^ (‘oncen trated solutions, the pn 
is not V(*ry difft‘ri‘nt. kkudi of tlu* comn HM*(*.ial ratios rc'sults in a liquid 
wit h sp(‘cial pro} xa*! i(*s, rtaidc^ring it, tlu‘ })ro})c^r scdcxdion for a spe:cifi(^ 
I)iirpos(^“'*'^ 

ddie uses of sotlium sili<*at(.* aw siir})risingly numerous; it is added 
in the (*.rutching of soa})--'*; it s(u*ves to iini)regnate wood, to weight silk, 
as a niorda, nt, to clarify juica^s :in<l solutions, to rcaulcr l.)ricks and 
cenuMits non~})or()Us, as a didcu-gimt, and as an adlu'sivc, i>articularly in 
making (‘orruga t (xl paj)t‘r box<‘s. 

Hkomi.xk A.Ni) Hro M inus 

Wluai the hriiu‘s from \vhi<*h table an<l dairy salt is made (‘.outain 
l)romid(.\s, the hromiiu* may Ix^ r(a*overed from the mother lic|uoi-s. The 
<)ld(*st proc<*ss, still in usty is to comarntrate the inothor liquor and to 
t.iaait it in a stone" still (uiiiarred) with sulfuric aend and sodium chlorate 
( fornuady with rnangum'si^ dioxide*) ; a (Uirront of steam cai'rics off the 
hromint* lilx^rat eel. An eaudlumware coil recadves the mixed steam and 
hromiiu^ and cond<*nsc"s ])oth, by water cooling; two layers collect in the 
st-oiuavaia* taaadveu’; tlu* lowca* one is tlu*, dark rod, liquid l)rominc; the 
ui>per ones bre>minc‘ wate*r. Thc^y are separated, and the bromine, from 
Uu*. wat(*r lay<*r may be* reaaiveaaal by blowing with air or natural gas. 
This lean breimine* gas is treaiteal st^inirately ; it is passed through a small 
stone^ware* te>W(*r iillcai with moist iron filings, and a strong solutiem of 
ferric liroinide* forms, fiann wliieh the bromine is displaeaal by chlorine 
gas. l^rominc is a li<|uid wluedr boils at ()3‘^ (h ( 145^'' F.) 

ir. S. Pfttoxt Ig38,r»05 

-a V, S. l>uU*ta 1,132,040. 

«« Oi^rjiuuii 240.222. 

**n. S. Patient 1,139,741 

"‘a nixl bul1c>,titm on this rtul>jco.t. inuy obtained by ttddwsHints 

the Philudelidiiti Qtiartss C^ottipany, PIultt<letphin, Pa. Be« jiIho “Soclioin jrietasilicate tun an intbm™ 
trial alkali/* Junu'i't O. Vail, Am, Ohem. 25, 123 C1930^- 

ChaitUn- 32. 
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In another process the brine is trciito<i directly \\itli ehleiiiu" 
still another process is based on the Tact thiit on t‘lc'c*t i ol \ ziun, a l>MH!ii<le~ 
bearing brine, the bromine is liberated first, the I'hloriiu* onl\ 

Crude bromine is purified from chlorine, its ehitd inii)urity, by a 
redistillation, passing the vapor over ir<m tilings which retain the 
chlorine.-® 

Bromides are made by saturating* caustic soda (for sotliniu briiiuidc, 
ISTaBr) with bromine; a smaller amount of sodium bj^oinatt* is siniuh 
taiieously formed, GNaCH A~ 3Bru ~~ 5NiiBr H- NaHrl):* t 3Ib:<). I^>rn- 
mides are valuable x^harmaeeuticals ; bromine sc'rvi^s in tin* man u i ath un* 
of certain dyes as a disinfectiint ; its irritat ing and sultocait imr- prop- 
erties have led to its use as a war gas.-*'"* 

At ^^ilmington, N. C., bromine is obtaim‘<l troin s(‘a water/ which 
contains 0.0064 x)cr cent (averages) of bromine; 1800 gallons ot s(‘a water 
must be treated for each i:)Ound of l.)romiiu'. obtaiiu'd. Tliis plant is now 
the largest American producer. It is obtainc^d also at Midlaml and 
Saginaw, Michigan, in Ohio, and in West Virginia. A larg(* part oi (he 
wmrld’s sui^ply comes from Stassfurt, tJernuiny. A salt (U'posit ricii in 
bromides and readily flooded by controlled amounts ot stai water oei-urs 
in Tunis.^^ 

In 1935, 16,428,533 i>ounds of bromine were ])ro(ln(aMl in the rnilt^d 
States, valued at 21.2 cents a pound. 

The use of ethylene bromide with tc'traethyl haul as anliknoek taau- 
pound has meant a large consumption, supplic^d llrst. by imports, but 
more and more, by domestic x)rodueors. Tlie iiuM'c^asing priKlmhion of 
bromine has made this possible. In 1930, 3,024,484: pounds <*f t^ihvlent^ 
bromide were imjoox'ted; in 1935, 477,005 i>ounds only had to bt» im[K>rtt^ti. 

Other Patents 

XJ. S. Patent 1,165,815 (1916) to 'Tliolf'u and Wolf, on n iiUM-hanira lly oiM*r;in*d 
salt-cake furnace; Gernum Patent 325,31-1, on i>r<^hc‘a,ting t.h<‘ (•hart';*^ ft>r tht* .Mann 
heim furnace; German Patent 295,073, to i hairy Howard, of IVIas./nrhu^ t 1 1 s, on 
serving salt and sulfuric, acid direct to MaunlHuin furna.<‘t\ U. S. Patent. 1,$K)7.9S7. 
soda ash; 1,940,459, manufacturing soda, ash; 2,035/111, iipparatu.s for maimfact tin’ 
of sodium carbonate morioliyilrat-i^ ; 2,038,025, so<Iiurn sescpi i<‘aH ion:d i* from }>iritV' 
bonate ; 1,928,540, iiianufiKtture of sodium bicarhcma t <? ; 1,92,1,505. low appariuit tlfu» 
sity sodium carbonate; 1,868,949, so<l in in sidfahi product. itiii ; Pah-nt 375.039. 

electric heat for the salt-sulfuric acid r<ai.c(.ion ; (ha-iuau PatfUil. 489.917 and 516,318, 
mechanical salt cake furnace; IT. S. P.atcad. 1,853,330, <listillatit>n and coiua'nt rat i<»n 
of hydrochloric aefd; German Patmit 558,553, sain(\ witli (hr aid of arhh'd l 'lu 
German Patent 535,355, same, and rc'.cov’cay of utu't ic- a.cid and 11(3 from th«- ; arnr 
vapors; 1,902,801, continuous process of pr<‘pa.ring liquid bromine*; 1,917,762, rxtr,art- 
ing bromine from dilute solutions; 1,930,143, broiniiu* rt <-.overy from spi^nt dr\< lop» 
ers; 1,919,721, preparation of bromatos. 

A list of patents relatiiiK to iliese vnrioUH rjrtx-.osHtAH will In*! FoiukI on inir-i- IHI, tutt-rit^r 

No. 146; see readinR reference's ; the first two pittcnts worn U. H. PntouiM No. l ISlU i 

and No. 11,232 (reissue 1892). 

Thus eosine. Chapter 28. 

Chapter 34. 

OB. brornltit. from Bwi-walor.” I..T..y t !. Stewsu f. /»./. h:„„ fV,. «. . .re, 

361-369 C1934), with 20 illustrations. 

20 ‘‘The future demand for bromine,” O. R. Tie Inti, Km/, m, 425 I iinmi. 

Chapter 24. 
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Prohi.kms 

1. y.i ) A plant intcinls to in aim la (‘.lure 300 tons of Solvay ammonia soda per 
da \' ; pV' OS.S pt'r (‘(-iit JS'iinCOa. How nmcli salt will be required per 

day. il it.‘< I\aC 1 conttait is 09 p(‘r tjont, for llie actual conversion? How much salt 
is r{‘<iuir(al sni(*<‘ tin' carl x aiatin^- towers consume 66 per cent of the salt, the rest 
Ix'in?^ wastiali' At. wliat jioint. or points is the salt lost which is not used? (b) AVhat 
is tin' wyijiiht. t>l tin' i >it'arl xaia 1 e ol soda iiiach^ as intermediate product? 

12. 1 in* anunoiiia NIL: wliich takf's luirt in llio reaction is about one-third the 
w(‘!^hl ol tin* soda ash pro<iu('(.al. Por liie pi'oduct.ion of the soda ash specified in 
Prt)])l(‘ni 1, how nnn-h narhou dioxidi^ is lu'cnled for the actual final product, and 
how much limestone, {):> per ('('iit, <'aC'()a, must he calcined in order to obtain it? 
Is tlu' lime ohtaiiH'd siimdt aneously suiliciont for th(^ regeneration of the fixed 
ammt)nia, or is it an excess, or is tla'ia' a doficac'iicy? ( Lc'avc fire gases in kiln out 
of consit leva I i( *n . ) 

3. Keteirinc: to Prohli'ins 1 and 2, h't, there })c once again the amount of 
ammonia in i«roce.-s ;i> t(>mid to ha\(' r('a<‘.(('d, mainly in the absorbers, and some 
in the tower litpior ;md tiltrah' from lln^ ] )icarbona1 o. How much would the ammo- 
nia I>t‘ worth <af a cents a pound NH:d, coini)aied to Iho value of the soda ash 
prodinaai? 'The amonnt ol earhon dioxith^ in iiroca'ss is again as much as leaves 
(h<* plant, in the ash. mainl>* n'turiK'd from (.he (‘.a-Icincr. How much calcium 

(‘hloride in s<>intion lorm le-i\'(‘s tlx* aminoiua still, in it-s lam-off? 

■1. plant maiinlacl nrt's soda of 99.5 p('r c('nt purity. The amount of salt 
a<*txially i ran- foi-nn ‘d in the op(*ra(ion is 37 tons. ^Lhc' rc-iatition NH-jIdCOa + NaCl 
NaH<'t>. } NlIiC'l talve< ]>la(‘(' to llu' (‘xtc'iiti of 75 ])er cent. How much salt is 
lak<'n orimna 1 1 \’. how much left unused ; what, is ihe^ tonna.ge of soda ash made, 
if the calcination i- jaa-fomnd without loss? AVliat. is Iho weight of bicarbonate of 
sotlinm. e xpn ed a- dr\' NalK^);-. ? 

5. In a Alannla im furnae<-, llu'ix' are ch;u*g('d ]>('r day 6500 pounds of salt mixed 
wifli a et i'tain amount (jf nitre eak('. If tlu' nitres cake has the theoretical corn- 
positiini for \':inS()i. how many ]>onnds of t Ik' lalt.f'i* must bo charged per hour? 
Assuiuimr: th>- reco\ eiw' of salt cak(' to be 98 c<'nt., how many tons of salt cake 

will lie eolleetc d pt r d;iV V 

C*. L'rom the .-.dt charged as deseribe<l in Probh'iu 5, hydrochloric acid is recov'- 
ere<l 'Nvifh an eilieien.cv of S9 per <‘eut.; it is madf* into 31 per cent HCl (about 20® 
Ih'd. Iltiw many ]‘ouii<l-' of acid will b(' colh'cU'd per day? 

7. not) pouiiiis tjf 96.5 ]>ei* cent salt. (‘ak(' is itind(^ into Glauber salt, which has 
the analy.'i*" shown in tin* text. How many poTinds of (Tllauher salt will be obta-ineti, 
assumiiig that the mother litpiors ar<* workt'd u]) constantly fso that the yield is 
91 per f*eut? What will be the f.'ietor, salt cakc» to Glaaiber salt? (1 lb. salt cake 
produce X lb-. Glauber -alt/) 

S, If i dc' ir* d to pi‘«'pare 9 t ons (tf sodium silic.jito S3n*u]w., to tost 38.8° Be. 
Phe compo itiiiu of thi* dis,-oIved silicatt' is 1o e.oiT('vSpond to Sfa-O -3.368102. The 
sp»'ciiif» era\jf\' id'o si corre-'j loiids tt> 36 fx'r (g'ut.. of the'! 3.36 silicate. How much 
soda a^h 99 per ct nt . and how mucli sand 100 pm* amt will be required, the yield 
beinc. .as' Sinaai fc» )»* 92 p»er cr-nf? ^ 

9 A !»iine i. ^adurafetl and (*onf=:iins on analysis ISTaCl 298 grams per liter; 

(’aS<b 5 1 g.p.b; .81 g.p.b; (/aC^(b .15 g.p.l.; MgCb .48 g.p.l. Th^e non- 

Na<3 matt rial re trii-f fh<' tumaud of NaOl which iho equal brine would hold at 

safurafitnn If that uumuni of .suit is proportional to the equivalent of the foreign 

sal*-, w hat i: the ;unouid (»! Xa< U whic’h the }>rine will hold at saturation? 

10. d'ht eruth S(d\;tv NallGcb crystals always contain ammonium m thci ratio 
c»f riNfb to 95 N:t. :itu\ if cannot b<‘ washed out; it is assumed that a cl^ublc salt 
formv. If i otd\* on c;»h ining that the ammonia is li})era,tod. NaCl and iNaaSOd on 
fhr' other hami wm h tad readily at thc^ filhu'. Por the weight of bicarbonate in 
I>ro!>!« til I (bh and in Pr*ihl<>m d, how rmieh ammonia does that represent per day f 
In what w:*y Is if t'>aver| to the stystem? 


B K API N ( 1 BkFKUKK < 'KS 

‘•S;ili-ui;»!vii.u ..II fh. an-.il S^ill Ijiki'.*’ ThrmiaH ». TiriRhlon, ./. Ch-eni. Educ., 9, 

i.smii'iM*,. jiwaiJ c*lu‘micnl dtivolopmcnt,” W. M. Weigel, 
Ch, m. Mi f. Rfu . 3% am (1932). Ssilt, Hulfur. 
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“Milling; sii\l in Toxas^,’' PI. II. Cooley, Ciu tn. Aid. Etuj., 39, :><)() (19:>2). 

'‘Salt domes in TjOiiisiaria and Xex;ts,'’ li. A. >St.eininay<'r, (Un'tn. Alt f. A'nr/,, 39, 
3S8 (1932); th.e same arr.i(‘,le wil h dctaile<l nvaps an<l 8 <lraNvini*;s in ^-l /// . In,sf. Ufu tn. 
E^ig., Trans., 25, 239 (1930). 

'‘The value of silicate of so<la as a rlot.erj’c'ii t. — 11/' J<dni 1). C^artc'r, I/^r/. Enr/. 
Chcni.., 23, 1389 (1931). 

“Tochnolog:v of salt niakin<^ in llu^ lTiiite<l St-aJos,” W. Plialen, Ii//r. Mhtt‘,s 

Bull. 1^0. 146, ‘(1917). 

"The salt and alkali industry/’ OeolTrey Martin, I^oikIou, C^rosky, koekwaxxl atid 
Son, and ISTcw York, II. Appleton and Co., 1916. 

"Hydrochloric acid and sodium sulfate/’ K. A. kaury, N('w N'Di k, ( 'Inaiiical 
Catalog: Co., Inc., 1927. 

"Hydrochloric acid and salt, cake/’ Vol. V of kiingit' S(M-i(‘s on tlit^ “ JVl aim fact ur(' 
of Acids and Alkalis/’ A. C. Cuniming:, kt^ndoii, Ouoru(\v and Ja<*ks<)n, 1923; X<'\v 

York, D. Van ISTo strand Co. 

"Alkaline lakes brines supply western soda, prodiua'is/’ W Ilirschkiiid, iUu ui. 
Alct. Eng., 38, 657 (1931). 

"California desert sodti,” O. lloss Robertson, Tud. Eug. (dir/n., 23, -178 (I93I1. 
"Salt, a bv-product of condon.soi* cooling:,” Of to M. Sniifl), Ind. Etig. (Unm., 24, 
547 (1932). 

"Is there a profit, in chlorine and niti*ato from salt?” I”. \\/ lit Jahn, <'.7n a/. Mi l, 
Eng., 42, 537 (1935). 

"Commercial oxtraedion of hroiuim' from sc'ia wati'r.” b('ro\' (k Stewart, fud. 
Eng. Chem., 26, 361 (1934), witli 20 illusti’ations. 

"The culture of certain silic^ato j^ardens,” James C. Vail, lud. Eurj. (Utetn., 26, 
113 (1934). 

"Glauber salt in iSTcirili llakota,” Irvin Tja.vino, llcaanan I\anst(Mn and 10a rl 
Skene, Chem. Mei. Eng., 42, 6R1 (1935). 

"Die Sodafabrikation nacli dem Solv'ay-Verfahren/’ Julius Kir<*hn(‘r, beipj^ig;, 
S. Hirzel, 1930. 



Wlun'c rev pos.^iblc. the salts of sodium are used in preference to the 
salts of oth.('r metals, for the salts of sodhtm are soluble and cheap. The 
clieaptU’ss is due to the abundance of common salt, NaCl, the source (as 
io metal) of nearly all other sodhini salts. 


Chapter 4 

Sodium Sulfide, Sodium Thiosulfate (Hypo), An- 
hydrous Bisulfite of Sodium, Sodium Hyposulfite 

In ti niock'rn clu^nuciil es( iil)lishnu'nt intinu facturing a number of 
hc^avy clic^inieals Tor the general trade, there is a relation between the 
various scadions in that the i>roduet of one becomes the raw material 
for tlie next. The sulfuric atad, the first product, is the only exception; 
it is made tad irtdy from ])urchase<l materials (sulfur or pyrite) , or from 
by-product sulfur dioxi<le ^as from a smelter. The preparation of nitric 
acid from sulfuric, acid and sodium nitrate was accompanied by the pro- 
duction of nitrt^ (*akt% and this must be sui:>pleinented by its manufacture 
from salt and ac*id in the iiot stills; the nitre cake fused witli salt gives 
hydrocliloric*. aedd and salt cake (lSra:>S04). A large amount of salt cake 
is sold as such; tlie rt^mainder is heated with coal or coke and made into 
sodium sulfide, Na^S, with by-products c^f sodium carbonate, NaoCO^, 
and sodium sulfite, Na2SO,i, whicdi are i)roperl3^ worked up into sodium 
thiosulfates, Na^SoO^i, usually called “hyi>o'' from its old name of hypo- 
sulfite, now abandoned. Not all sodium sulfide is made from salt cake, 
for while the latter is the cheapest raw material, furnaces, leaching tanks, 
and other t'(iuijnnent are recpiired ; for small-scale operations, soda ash 
and sulfur arc more suitable. In large plants, such as the one described 
a])()vc, caustic soda, chlorine, and soda ash are not usually included, but 
all those pi*oduc‘.ts whicli require sulhiric acid for their manufacture ^ are 
part of the i)lant. Soda ash is usually purchased in considerable quan- 
tities, for it serves to make anhydrous bisulfite of soda, ISTaHSO^, sodium 
liyposulfite (hydrosulfite), ]Sra2S2C>4, and in many cases, sodium thiosul- , 
fate, Na-S^Oa - 5IT2O ; plants for these three products i)roperly belong || 
to such an establishment which includes the manufacture of sulfuric acid, j ‘ 
because the sulfur dioxide which they require may be taken from the 
l)urner house by simply erecting a pipe line. To complete the description, 
a i:)ower house for steam and electric current generation would be included ; 
also water pumps for cooling, washing, and absorbing water; shix:>ping 
facilities, and ofFicos. 

A modification of the set-up outlined will make good the lack of nitre 
cake, and sodium sulfate from nitre cake, by purchasing natural sodium 
sulfate. The nitric acid would then also have to be purchased from 
synthetic ammonia plants, or the ammonia might be purchased, and the 
oxidation performed in the old nitric plant, remodeled for the purpose. 

^ Oh tip ter 2; l>ut not superphosphate (Chapter 7), which is a specialty. 
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SoniuM Sur.i-MDio 

Sodium sulfide, Na^S, has become extl•e^^K■ly iuipoH ant as a di'pila- 
tory,“ in the manufacture of sulfur tlyes, ami, in solution, as a solvcait 
for the same sulfur dyes/* It was formerly produced al(ot-t>t lu-r m the 
form of crystals, Na-.S-QH^t), which in the commercial iorin contumed 
about 30 per cent Na-S; the crystals are Inaiwn, while puia* sodmm 
sulfide crystals are colorless. "riiese crystids are still made, but. the 
greater jiart of the sulfide is now marketed in the torin ol concent rat lal 
sodium sulfide with 60 per cent Na^S, as solid cakes and luniiis, or as 
flakes (.“chips”)- The method may be outlined as follows: Salt cake 
(or roast cake) from the Mannheim furnace mixed with coal is heated 
in a reverberatory furnace; a melt is protUiced which is raked out and 
either dissolved in water at once, or allowed to c.ool to solid <-nkcs which 
ai’C later leached with hot water. ’The solution is ma<k‘ strong enough 


sodium 
iKulc, l)Ut. t.hu 
t‘ (‘(>iu*uiit rut i^d 
I lumps, or as 
k's I 1 ( (*alvt' 

t'oal is lu*att‘d 
rakt‘(l out and 
id <-nkus whic.h 
st rtuuj; (‘nou<ji;h 



Figure 26. — Sodium siilfulo fin’iiucu, r(^V(n*])ora(.ory typo; ^*1, rt‘du<‘l.ioii hriirth; 
J3, preliea^ting chiimkov. Tdio ami lialf ol llu* liridfi;** wall ar(‘ ol 

hard firebricks, O ] Iho hoarth of alurnl.o or ahuninalo bi’icks. 


SO that on coolin^^' in sluillow i)aus, c)l NaiiS.DH-C) lonn. In 

order to produce the 60 ]:)or cent sulfido, the c*ryst-als arc nudt cMl in sptaual 
pots and water driven off from the hot licpiicl; on c'.oolinp; a bhude solid 
with red fracture forms. Another way cousistvS of boilinjLj; down tlu> lirst 
solution after filtering or settling, until the sodium sullidt^ <*on(tuit is a 
little above 60 per cent. 

Reverberatory Furnace. A reverberatory furnace is shown in Figure 
26 ; it is a low arch furnace with a firei>hice separated from tlie hctarih 
by a bridge wall. The fire gases strike tlic roof over the 
are deflected onto the charge on the hearth; the low arch fov<‘.es iuiitnuie 
contact between fire gases and charge. From the furnace proper tlie 
gases pass to the preheating chamber, of dimensions shnilar to tlu)sc*. of the 

2 Chapter 36. 

** Chapter 28- 
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hearth, and from ihcrc to the stack. For a furnace whose hearth is 12 
foot long and 8 foot wide, tlic charge is 1000 pounds of salt cake ^ and 500 
]')Ounds of coal screenings. Such a charge is shoveled into the rear of 
prelieating chauiber, where it is warmed by the outgoing gases for an 
hour. It is them pushed with a hoe to the working hearth and heated there, 
witli occasional stiri-ing, for another hour, when it is ready to be pulled 
out. Instead of slioveling in the charge, it may be fed in from an over- 
head bin througli an o]’)ening in the arch. Melted sulfide is extremely 
corrosive, so that tlie (construction of the furnace is a special one. The 
floor of the hecarth consists of aliinite or other basic bricks, set upright 
on their smallest face. These bricks rest on several thicknesses of 
asbestos pai')er soaked in silicate of soda solution; such an underlining has 
bemn found (dheaent in ]')rc venting the cscaj>e of melt. The alunite bricks 
arc ]:>la<*(?d in a. solution of silicate of soda for some hours just before 
laying. Tlu^ lu^arth side of thc^ bridge wall is also lined with alunite 
bricks, wliih' the rirc^pla(*e side and thc^ ar(‘h over the whole furnace are of 
ordinary fii-e bric'.ks. The rear wall is usually lined with a hard firebrick. 
Suc;h a furnace will last 8 to 12 months, when it must be rebuilt. 

In order to insure a high yield the atmosphere in the furnace must 
be a reducing one; the fire gases sliould contain one or several per cent 
carbon monoxide and no oxygen. Such fire gases arc obtained by building 
a deep bed of (‘oal on a firc])lac.c of rather small dimensions, using soft 
coal and for(‘e<l draft. ’'Vho reactions on the hearth arc: 

Xn:..S( ), -1 2C = -F- 2CO:. 

Na:,8()i -I- 4CX) = XiiijS I 4CC.h. 

Thc'rc^ arc' sc'\n'ra.l ways in wliich the melt may be handled on leaving 
the furnace. A simi^lc and efficient way is to pull the charge into 8 
or 10 buggies on wlieds, c^ach holding 80 to 100 pounds so that one man 
can handle tluaii. Anotlier way is to pull the cdiargc into two steel boxes 
on low trucks. In cither case the melt is allowed to cool; during the 
cooling of the cakes, some further reduction takes place. The cold cake 
is broken with a sledge and fed to an edge runner w^ashed by a constant 
flow of warm water. A solution of sodium sulfide with suspended matter 
results, whicli is olc'.vated to a settling tank. In the older plants, the 
cake is f<'d to ti jaw crusher in the floor, then elevated to one of four 
l(^aching (anks wliich arc worked in scries; each tank accommodates one 
day's melt. The fresh melt is wetted with the wash from the melt of 
.tlu', day Ixdore, and this wash in turn has first rested on the nearly spent 
melt of two days before; the fourth tank is being cmx:>tied. In this way 
each melt is lca,chcd three times. 

A totally different way is to pull the melt into a ladle and to bring 
it over a dissolving tank with stirrer. The fluid melt, still hot, is run 

^ Instoiid of Hfilt o.ake, nitre cake was formerly used;' tlie cscapinj? sulfuric acid caiised' a 
cloud at tlio top of the stack, whicli caused much difficulty with municipalitios. It was thought 
l.hat hy aulmtitiit ing salt cake, the cloud would vanish. ; l>ut to everyhody ’s surprise, it continu.^1. 
In this case, it is duo to sublimed sodiiim salts; these may be removed from the stack gases by 
a Oottroll preciiiitator ; ace Chapter 43. 

® Chapter 44. 
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into the water wliich is thereby heated; this oi)criition is exirenu^Iy noisy. 
It utilizes a part of the lieat of tlic melt, however, and saves hi]>or, so 
that it will probal)ly become standard, at least for t-lie larp;e plants. ''Flic 
suspension may be settled or filter-pressed usin^ iron wire filter c^loth; 
the press cake is made with Avatcr once more, filler pri'ssed a^'ain, 
and the filtrate used in the dissolving* tank. 

The melt in the cakes is 60 to 65 per cent iSIa-jS; su(*h rich nudls flow 
less easily than melts contaminated with nnredviced sulfate or with 
carbonate. 

The sulfide liquor obtained by any of these variations is hot, and 
of such strength that after being run into shallow iron pans, iM*>'sta.ls 
deposit over night. The mother liquor contains sulfide, an<l also sulfate, 
sulfite, and carbonate; it may be conf^entrated, wIk'U all thc^ salts oth<M' 
than sulfide precipitate, leaving a concentrated solution of sulfides which 
may usually be crystallized; in some cases it may conhiin so miicdi sili- 
cate that it will not crystallize. Tlie pre(dpitatc‘<l sails nro dissolvi'd in 
water and the solution used for making thiosulfate'-, ^fhe ]>rown <‘ryslals 
with 30 per cent Na^S may be sold as sucli, or they may l)o ])1a,<*('d in 
iron pots over a fire, melted, and enough water removiul to raisi' tlu' 
content of ISTaoS to 60 per cent. Tlie liquor may be run info coruaadra ( - 
ing pans directly and evaporated to the higher strength; tlu^ difficulty in 
that ease is that tlie sulfate, carbonate, and similar imipnriti('s cl<‘]>osit, 
during the concentration and coat the bottom of tlie concieni. ratling pans, 
causing them to become locally overheated which results in h^aks. 

The 60 per cent liquor may be run into shallow flat ]>ans, wluu-e It, 
solidifies over night; it is then broken and sliippcd as lumiis. ^fhei’c^ 
are many other AA^ays to fix the final shape of the j'lroduc.t; th<' Ix'st oiu' 
is to feed a thin layer to a water-cooled rotating drum, a.(dua.t<‘(l hy 
means of a ratchet; a knife detaches the cake, and the tliin strips fall 
and break into still smaller flakes, called chip sulficU'.*' In this form, 
solution at the consumer's plant is greatly facilitated. The color of <‘.hip 
sulfide is red; like any otlier form of sulfide it must 1)0 storcul in air- 
tight thin steel drums, otherwise it turns green duo to t.hc^ formation 
of sulfate and carbonate. 

ISTew Types of Sulfide Furnaces. The old rcv\^(a*l)C'rat.ory furmict^ is 
still the most reliable Avay to maniifactui'o sulfi<le, alt-hough ma-ny 
proposals for ncAv types of furnace have been made. 'The', aim of tlu'. 
newer furnaces is to reduce labor to a minimum by n (continuous (qu'ra- 
tion largely automatic. On one of these furnacu's, a rotary stylo is 
proposed with carbon monoxide gas, prej^arod in auxiliary A^e'.sscds, as 
reducing agent and fuel. Several German proposals arv. i)romising also; 
one ^ involA^es the use of a Bessemer pear such as is Aised for making 
steel, and still another^ proposes ovens with pendulum or shaking Tnotion. 
Two blast furnaces have been natented; one proposal allows the 

o IJ. s. Patent 915.633. 

U S. Patent 1,397,497. 

® German Patent 388,545. 


® German Patent 389,238. 
30 German Patent 265.020. 
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iMclt to solidify; in the other the fluid melt is either tapped at intervals 
or drawn off continuously. In the latter furnace, as well as in one pro- 
posed by n. K. IVloore/- the fluid melt is dropped at once into a ^^quench 
tank”. Finally, studies in the application of the electric furnace to the 
manufacture of sodium sulfide have been made and applied commercially 
in Italy durine; the war. 


Soditjm Thiosulfate 

Sodium thiosulfate NaoSoO^i^SHoO or 'diypo” is the agent employed 
in photograi)hy for dissolving the unreduced silver salts, and in textile 
mills as an 'hintichlor”. It is made in two ways; the first one is inde- 
pendemt of any other process, and requires soda ash and brimstone; the 
second makes use ol by-product sulfide liquors and is dependent upon 
a sulfide ])lant; its sulfur dioxide may be drawn from the burner house 
of the suiruri(‘. acid plant generally forming part of a large establishment. 
It is customary in the second kind of plant to have in reserve soda ash 
and ])rimstone so that in case the by-jiroduct liquor fails, these materials 
may bo used instead. The same apparatus serves without any change, 
and burner gas is the source of sulfur dioxide, as before. 

The Soda Ash-Brimstone Process. Soda ash is dissolved in hot water 
a,nd the solution Be.) pumped to a small storage tank at the top 

of the first of two absorption towers. These are of lead supported on 
wooden beams, and arc filled with hardwood sticks except in the lower 
l)art where a small (‘hainber of hard acid bricks is provided. The nearly 
spent sulfur gas from the second tower (second with respect to the liquor) 
enters at the base and meets the descending scKla ash solution which 
absorbs all tlic remaining sulfur dioxide. The partly gassed liquor from 
the first tower is elevated to the top of the second tower wherein it meets 
the sulfur dioxide gas fresh from the burners; the soda ash is completely 
changed to sodium bisulfite, which runs out through a seal at the base of 
the tower and is cf>llected in lead-lined receiving tanks. 

Na.:CO:, H- IFO + 280:^ = 2NaHSOa -I- CO^. 

Tlie accompanying illustration (Fig. 27) indicates the dimensions and 
disposition of tlie apparatus. The nitrogen, oxygen, and carbon dioxide 
pass out of the first tower to a small stack. 

Sulfur dioxide may be made by burning brimstone in iron pans cooled 
from below l)y air, and set in brick work; or, a special x^atent burner may 
be installed, such as the Glen Falls (N. Y.) rotary burner, the Chemico 
sj^ray bTirner (Chai>tcr 1), the Vesuvius burner wdth shelves, and others. 

Formerly the bisulfite liquor, with 22 per cent SO 2 content, was an 
irax:)ortant i^roduct; it has been replaced by the anhydrous bisulfite of soda, 
a iiowder with 60 per cent SO 2 , described further on. By means of soda 

Gerrjntvn Fa-tent 273,878. 

12 U. S. Patent 1,130,317. 

Cfuvni. Ahstrtirts, 15, 3423 (1921). 

An ol<l name for tlie same subtsance is sodium hyposulfitc, from wbicli tUe name *‘h.ypo" 
orieinated. 
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asli, tile bisulfite liquor is chausc^^^ into iicutm.! sulfite, and this is heated 
with powdered brimstone in a brie.k-lincd cast-iron vt'ssel witii siii'ror, 
A solution of sodium thiosiilfate rcsvilts; it is coneentrat ed in a boiler 
from 36° Be. to 51° Bo. hot. After scttlinp;, this licpior is run int<^ lead- 
lincd or steel crystallizers and allowed to cool. When iron (“rystallizers 
arc used, a crust of the crystals is left on the sides a,nd bottom to avoid 

r*r»r» f n nn i n ;i f i on 

^NTmT-T.SOs == 2Xii..:S()a H- ) I h 

iSTnc'SOa -f- S == !?s 

After two or more cUiys, tlic motlicr li<i\ior is run oft, the' (‘vvst :ils are 
shoveled to ccntrifu^2;als which remove adliorin^ niotlier liciuor, waslied 



27 . — PTiint. for nialvinjir sodium hisul- 
litc solution. Sod:i ash solution in tank 
Cr is fed to the first iowfU’. A, \vhor<‘ it. 
moots Iho woa.k pja.s from the* to]i of 1h(‘ 
second tower, B. The liquor from A 
colloets in C, is run into tlu' lt'ad-lin<‘(l 
cast-iron pot /> an<l forootl t.hrouj^h K to 
tank F, from which it is ft'tl to tower H, 
inoet.inp; fresh j 2 :as t'ntcu’iufz: at. H. "I-ho 
finiv^lio<l liquor <*olI<'cts in t.hc^ stora^:;o 
ta n k 7v . 


by a short spraying from a hose, and dumped to a (U)nveyor leading to the 
interior of a cylindrical steel wire screen. The screen consists of two si^es, 
a six-mesh half which receives the unassorted crystals, and a thrcc-mcsh 
screen which forms the rear half.^® The fines drop through the six-mosli 
wire as the screen slowly rotates; the pea size drops throiigli the threo- 

3^® Tho crusliing of brimstone is not without danser. 

Comnare Chanter 44 







4. SOniUM SULFIDE, SODIUM THIOSULFATE, SODIUM BISULFITE 89 

mesh wire, while the coarser x^ieces, the “crystal’^ size, roll off at the far 
end of the wire. No drying of the crystals is necessary. 

A line crystal j^rodiict of uniform size called ^^granulated hypo’^ is 
made by cooling the 51^ Be. liquor in circular steel pans 10 feet in 
diameter and 3 feet deci-o, in which a two-armed scraper slowly revolves 
while the liquor cools. 

Sodium thiosulfate crystals effloresce so readily in air that they must 
be ]>acked at once in aii'-tight containers, cartons or paper-lined barrels. 

The By-Product Sulfide Liquor Process. The carbonate and sulfite 
which se])araie Irom the sidfide licpior while it is in process of concentration 
are made up with water; the adhering sulfide is also dissolved. This 
licpior becomes tlie raw material for the sodium thiosulfate manufacture. 
In the ])lants which filter the susi^ension from the ^Tpiench tanks”, and 
make uj) tlie first mud with water again, then filter once more, this second 
filtrates bc'comes the raw material for hy}:)o; the first filtrate is essentially 
sulfide. The most satisfactoT‘y relation of the carbonate and sulfide (the 
sulfide is usually very low) is tibout 8 ]>er cent Na^t^ and 0 \^cr cent 
Na^fXl.j, when the reaction 

2Nii..S -t N'iiXX:);, -H 480. = 3Xa.S:i()» -f- CQo 

takes i:>lace during tlie gassing period. An excc'ss sulfide over this amount 
must be a\'oidc‘d, as it may lead to a loss of useful materials in the 
generation of IliiS; 

Xa:i8 -F’ 80- -f rT:,0 = N‘il:,80:, -I- H:,S. 

Some of this hydrogen sulfide will be changed into sulfur by sulfur 
dioxide, but it is manifestly cheaper to supply sulfur in the form of brim- 
stone, if any is needed. Technical sodium sulfide always contains some 
X)olysulfides, and these supply some sulfur which reacts with such sulfite 
as may be iiresent in the original liciuor. Should the carbonate run 
high and the sulfur low, brimstone may be added to change the sulfite 
formed (the bisulfite is aYmidcd into thiosulfate. 

The sulfide- carbonate liquor may be treated with sulfur dioxide gas, 
the regular burner gas with 7 X3cr cent SOo, in towers. Instead of a 
single passage of the liquor through a rather tall tower, many passages 
through a shorter tower may be substituted; these are then called circu- 
lating towers. The liquor is run into a large tank and pumped at a 
rai)id rate to the tox> of the tower, which has wooden shelves. As the 
liquor cascades from shelf to shelf, fresh surfaces are exposed and the 
absorbing licpiid exhausts the gas readily. The gassed liquor at the base 
of the^ tower runs back into the original tank. The tower may be 20 
feet higli, 4 feet in diameter, of steel lined with bricks; the wooden shelves 
are perhaps 10 inches apart. Each shelf covers only about two-thirds 
of a circle, and the ov>enings are staggered, so that the liquor changes 

Acidity due to NanSOa ia detected and measured by a titration witli caustic in presence 
>S pbenoipiiUialein ; NosSOa is neutral to plienolphthalein, but alkaline to metliyl oruni^e ; it is 
rieaHurtHl. with any <tarb<>nate prcMsent. by a titration with standard acid, in the presence of methyl 
:>raii(;e; NttllSO« is uc%uti*al tu methyl oranf^e. 
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direction constantly. Two or more towers may be used, thc‘ passing 

from one to the other to insure it exhaustion. 

After sufl&cient gassing, the liquor is filter i)re‘ssc^<i through cotton 
duck cloth and concentrated in a steel boilei* with stcauu 'riie 

crystallization and further steps are the stuuc^ as des<M-il)tHl imdt‘r the 
soda-ash brimstone proceSwS. It will be noted that in nornuil running 
the sulfide by-product liquor requires no brimstones iuldition. 

In 1935, there were produced 24,477 tons of scxliuni t hiosuli at x aliu'd 
at $41.30 a ton. 

An^iivdrous Bisur.riTK ok b^oDiUM 

The commercial metliods for manufacturing anhydrous bisulfite of 
sodium, ISTaHSO:!, a cream-colored crystalline powahu’, <lifTer in detail, 
but are alike in the general x>i'hiciple, namely, in passing 7 or S pta* cent 
sulfur dioxide into a suspension of soda ash in the mother licpior satu- 
rated with sodium bisulfite from bat(‘.bc^s. AVluai stalling ii 

new plant, a susxDension of soda ash in a satiiratcul soda ash solution niiiy 
be used There is produced a suspension of anhydrous bisiilfit(\ which 
is passed through centrifugals; the wet ])owaler remains, tlu^ nu)thi*r 
liquor is collected in the ^'emulsion^' tank and treattal with soda ash tc> 
produce the susx:>ension which is sent through the pro(‘ess again, ddie 
wet powder is dropped to a conveyor leading to a (‘iiaailar si udf (lri(‘r 
with six shelves; rotating arms move the material from sludl’ to sludf, 
dropping it through alternate circumferential and (umtral oixmings. 4^hc 
shelves are hollow steel, with steam circulation. '"Idie powder issiu^s 
from the bottom warm and dry; a small inclined l>u(‘ket <*onveyor lifts 
it into a hopper from which bari'els arc filled by })ulling a slidt^. 

By using a building wdth several stories, the moving of tlu^ material 
may be by gravity, except for feeding the soda ash to the tanulsion tank, 
and lifting the soda ash emulsion to the absorbers. 4’'h(‘sc; op<M'at=c in t wo 
stages; the first stage absorbers are on the top tlt)or, the soda 

ash emulsion and the sulfur dioxide gas which has already ])a.ss(^d 
through the second stage absorbers. These latter, on tlu^ fioor below, 
receive the suspension from the first stage absorbers l)y gravity, and t.lu^ 
fresh sulfur dioxide gas from the sulfur or i)yrite burma's. tin* 

soda ash is completely transformed to anhydrous bisulfit<‘, and this sus- 
pension is fed to the centrifugals on the floor below, while tlu^ dritu* is 
on the lower floor, on a level with a railroad car floor. 

The function of the drier is merely to remove adhering moisiuny ila* 
anhydrous bisulfite is produced as such in the suspension. 

NaaCOa -h 2SO^ -h HaO > 2 KmHS(J 3 f CC)a."‘ 

Chapter 43. 

U. S. Patents 1,099,177; 1,084,436; 1,023,179. 

20 As soon as soda ash is added to the mother liauor, its sodium bisulfite is to H<»diuYU 

sulfite, and the suspension is soda ash in sodium sulfite solution. 

^ In Patent 1,023,179. the reaction is jsiven as: 2]SraITSOa h 2 NttC 03 -h 2IT..O t 480* ONTallBOa 
-f- 2 CO 2 . The product is therefore held to be solid, biaulfi te of sutUum. Nal lSOu. whieli is kiu*wn 
to exist. In many processes, however, it is more likely that the anhydridit, Na^HaOii, fonns, for 
several samples from different manufacturers contained 01.9, 04.1, 03.5, 62.8 i>i*r rtnii S< )ij 
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The iibsorbcrs arc steel tanks lined with bricks, 15 feet high and 15 
feet in <liainc^tor; the tight-fitting closed top is cast-iron covered with 
lead- A 4-bladed hard lead propeller working through a stuffing box 
makes 100 revolutions per minute; the gas inlet pipe reaches about 1 
loot below the licpxid. A 10-inch main brings the gas, and 3-inch lines 
(3 to each tank) deliver it into the suspension. The spent gas from the 
first stages absorber is pulled out by a fan and discharged into the air. 
Tlic ])ropeller shaft is lead-covered, as is also the rod carrying the plug 
valve which closes the discharge hole in the bottom. 

Anliydrous l)isulfitc of sodium is used in the manufacture of dyes, 
and in their application to fiber; as an “antichlor’’ ; in the sterilization 
of casks tor been’ and other similar beverages, and in a number of other 
cases. 


Soni tJM TTvPOStTT.FITK (HvoRosurriTE) 

Sodium li yjiosul fit.e, HSTaoSoO.!, called hydrosulfitc in the trade, is a 
convenient, form of the powerful reducer which is used for the reduction 
of certain dyes; before its advent in the trade, it had to be prepared at 
the textile mills and used at once. Until recently, it had to be imported, 
chiefly from (Germany; it is now manufactured in the United States. 

The method^- includes four steps. (1) Powdered zinc of 93 per cent 
purity is suspended in water in a lead container provided with cooling 
coils and a stirrer. Pure sulfur dioxide, best from a tank of liquid 
sulfur dioxide, now an article of commerce,-*^ is led in, fast at first, and 
more slowly near saturation. The temperature is kept below 30"^ C. 
The (‘olor changes to black, to gray, finally to cream. 

Zn - 1 - 2 S 0 : r ( K :, 0 ) == ZnS ^ Odl - kO ). 

(2) ''.riu', cont(»nt of the saturator is transferred to a lead-lined steel 

tank, with stirreu' ; a soda, ash solution is added, in slight excess over the 
amount indicated by the reaction 

ZnSiiO-i + = ZnCO.3 + 

Zinc- carlxinatc: piaxdiiitates, while sodium hyposulfitc remains in solution. 
Tlu^ suspension is filtered by suction on a ISTutsch-^; the cake is washed 
several times, but, only the first wash is added to the filtrate; the sub- 
sequent ones are i)uini^ed into tlic saturator. 

(3) The filtrate reaches the salting-out tank; its strength is adjusted 
to 15 i>er cent NaoSi^O^, and to this liquor salt (IS'aCl) is added, 300 
grams for each liter of solution. The hydrated sodium hyposulfite, 
]Sra 2 S :>04 • 2lTi>0, separates in the form of needles. The suspension is 
heated rapidly to 60*^ C. and kept there until all the crystals have been 

Stxlitim bisxilfite ooiitainH only 61.5 por cent SOo, and as a contamination of sulfate is always 
present, an<l sulfite, at time's, it is probable tliat in some cases the product is anhydride, whose con- 
tent of sulfur <lioxide- SClg is 67.3 per cent. 

"Sodium hy<lrosulfite as a dry powder," Xj. A. Pratt, Cham. Afei. Eng., 31, 11 C1924). 

Chapter 19. . . - 

Chapter 42. 
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transformed to tiic anhydrous sodium hyposulfitc', Na.: 2 S:^(),. a sand-liko 
crystalline powdcr.““’ The crystals are alh^wed to scd.tUa the snp('rnatMiit 
liquor is run off, and hot denatured alcohol is addend, (4) ''The (‘rvstals 
suspended in tlic alcohol arc transferred to a st (‘am-j aek(d vacuum 
pan, the alcohol sucked off after settling*, and thret' ]>ortions of ah^ohol 
run in so that no water might remain. Hy warniiTig and causing a 
vacuum, the adhering alcohol is removed (and re<*()\au’<'d ) , halving in (lie 
pan the dry, sandy material, of light gray color, 90 i>er cent pure. 

OT 1 1 Kit l^ATK JV TS 

U. S. Patent: 1,946,089. tm anhydrous (85 pc‘r ci^nt.) sodium siilfid(‘, tiranular, fi-cH'- 
running, and with rapi<l solutitjn in cold wat cu*; 2X>hS.»>59, <lci >i la 1 <>r\’ agent ; 2,021 
depilatory mot.hod and apparatus. 

Prohi.kms 

1. A. sulfide furnace rc'ceivt's a chargo of .1000 pouiul.s of salt (-akc* pea- hour; 

theoretically, 549.5 i^ouncls of should lae re<a>v('r<'d, l>ut the rt‘cov('ry is only 

77 per cent. The i>roduct is ina.de ii\t o chip (-containing (»xact ly (>2 p<‘r ccuit. X:i:.S. 
How many pounds of chip are la'oducc'd ] xa* day? "Pht' salt. cak<' is iu‘ver pure; tlu; 
calculation must be ba-sed on a content of 05 pc'r c<'nt Na-Stlj. 

2. Sodium thiosulfiate crystals NauS^f.b • 5H:;() of 97 ixu- cc'nt. purity an* ])roduc*f'(l 

by the reaction 2]Srai>S -4- NauCOM T 4SOi! = 3N; );» -I Clf)-, from I >y-i >r< xiuc.f, li<pu>r 

from the sodium sulfide process; the produc.tion of liy])o cr\'stals is 20.(K)0 i>onn<ls 
per day. Assuming that the reaction lakes t>la.(*e to the* ('Xtcuit of 9() jx'r cent, liuw 
many p)Oiinds of ZSfai-S, i>sa-CO;t and SOi* will bo rc'quired? 


Rk ADI M a Hk ficuk isi ok.s 

“The manufacture of sodium thiosulphate,” Jj. llargn'ii vf*s and A. (\ I>unnin'»-- 
ham, J. Soc. Chem., IncL, 42, 147T (1923). 

“Die Verfahron. dor anorganischo chomische Indust rie,'’ zwc'i t(*s H<*richt sj.ihr, 
Dr. W. Siegel, llorlin and Vienna, Urban und Schwarzcuibc rg, 1935. 

Tho patent and other literature as mdicated in thf* t('xf.. 


Tho transition point of tho hydratod salt to tho niili^'drous forn’i is .'52" < \ 



T'ho 77bci7i'uf act lire of caustic soda directly froin salt iri solution^ in a 
single opc^'atiotiy has passed, iix the last forty years, froni an eoociting 
possibility to the h'wmdru-m of eneryday technology . Caustic soda is a 
cheap, soLul>lc alhair; Li^ne still cheaper, hut is almost insoluble. 
Caustic soda is a strong alhali. Soda ash is a 7nild one; a^nnionia also. 


Chapter 5 

Caustic Soda and Chlorine 

rttxla, NiiOII, a white solid, extremely soluble in water, is 
made by tlu^ caiisticuzing of soda ash by lime and by the electrolysis 
of salt, iSTaCU, in water solution, witli the simultaneous production of 
chlorine and hydrot!;en. In the offmo* is a third method, namely, by the 
addiiton of sodium nudal to a concentrated caustic solution, with certain 
prec*autions. 

Tlu' production lia;ures (IT. S.) for the two main processes are: 

1936 * 1935 ** 1933 ** 

Caustic*, sc^da by liiiu'-soda pro(*oss.... 450,000 tons 436,980 tons 439,363 tons 
C^^aiistio soda, t‘l<‘ctroIy tic^ 369,000 tons 321,563 tons 247,620 tons 

ICuf/., 44 . 77 ( 1937 ). 

**' ttf tlu‘ < 'fusiis. 


C'austic Soda by Causticizing 

Sod:x ash hi the ft)i'in of a 20 per cent solution is treated with milk 
of lime in slight excess, in a tank fitted with an agitator. The solution 
is warm (85“^ C. ; 185° F.) . After an hour, the agitator is stopped and 
the precipitated calcium carbonate settles; the strong (12 per cent NaOH) 
caustic licpior is detuinted. Wash water is run into the agitator, and after 
some time, allowt'd to settle out its mud; the clear liquor is run off to the 
weak licpior tank. The mud is washed once more, yielding the “wash” 
which is run to the wash water tank. The mud is discharged from the 
tank; it may be carted to the dumii, or it may be filtered and calcined, 
yitilding a lime suitable for further causticizing. The first and second 
iicpioi-s are evuiporated to 50 per cent NaOH concentration in single or 
multiples c^ffect evapcjrators, and if solid caustic is desired, to the final 
strength of 98 iier cent or better in cast iron pots over the free flame. In 
many plants, the 12 per cent NaOH liquor is used directly. 

It has been found that choosing the concentrations of the reacting 
liciuors as stated gives a good conversion (98 per cent) in the reaction 
NuaCOa -+- Ca(OH .)2 ^ 21SraOH + CaCOa, and yet does not impose too 
high a fuel cost for evaporation. The lime is slaked with just enough 
of the wash water to form the hydrate, and then only with as much 
more as is required to make the milk; so prepared, the rate of settling 
of the calcium carbonate is 1.5 feet per hour instead of 0.28, when mak- 
ing the nvilk at once. Using a rotary slaker, the rate of settling be- 
gs 
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comes 7.81 feet per hour.'^ In or<ler to iitilizt^ all t)i llu^ wash water, 
solid soda ash and the solid slake<l lime may bt*; te<l into it. 

Instead of batch oi)erati()n, which the dc'seadpt ion just .i^iven pre- 
sents, continuous operation may be secured, with classi tiia's tor purifying 
the milk of lime, and thickeners to hasten sidtlinf*;. two best -known 

systems are the Dorr and the Mount. In the study of t ht» evaporation 
of the caustic liquor to hi^li streni»;ths, the ust' oi dipluniyl vai>ors around 
a nickel tube was found promising.- 

An analysis of caustic soda made by cans! iciziiej; soda ash UKUiufac- 
tured by the ammonia soda process, has a low (ddorid(' <*ont(‘nt, an 
important consideration in itiany uses. '!I^h(‘ coinposit it >n is; 

IN v < 

osxvii 
o.ao 

D.IS 


Knirui': 2S. 'riu- (■onv<‘rsion of 
soda, asli U> ratisbt* hy lima, far 
various cout'fu ( nt,t.it>ns t>f th(' 
stxht tisli in tht‘ start injj;’ 

Th<^ Hnu' a<l(h‘<i i.s CbCOH), 
with no ad< lit it )n;il \vat(‘r. lOx- 
:unpl<': Start iuL*: with a U>% 
Na;rC’< );t st>Iiitit)u^ of the; 

sodium oarl»ouat<‘ will ht* cuii- 
\'t‘rl i‘<l . 


NaOH 
NaCl . 

Na.S04 



Caustic Soda by Ki.KcrrHouvsis 

In point of tonnage, electrolytic caustic sorhi is inferior to (aiustit* hy 
causticizing; it rein’esents, however, a totally differenl. nudhod of work- 
ing, namely, the application of the electrical curiauit to <*hmui<*al d(‘coin- 
positions and regroupings. 

Many cells have been devised in which tlu^ (kaH)iuposit ion may he 
performed; they may be listed under three htuids: tlu>; <liaphragm cells, 
the mercury cells, without diaphragm, and the Vxdl-jar type, withoxit 
diaphragm and without mercury. The first diaphragm (‘ell was tlu^ 
Townsend cell, which is rex^rcsented in modified forms by t,h(‘ Allen- 
Moore, Nelson, Vorce, Hooker, M^arsh, and othm* (ndls. Tlie^ original 
mercury cell was the Castnor, still in use in the UniUul Statics; modifu'a- 
tions of it, giving good service, arc the Whiting and tliet Solvay. An 
important representative of the bell-jar tyi)e is the IVilliter cell. 

For all cells it is customary to purify the salt soluflon and to employ 
it as strong as possible, that is, not far from saturated, about 25 i)er 
cent NaCL For the diaphragm cells, the manufacture, tlcHc.ribed in a 
few words, consists of the preparation and purification of ihe^ saturated 

1 W. E. Piper, Am. Inst. Chem. jEng., 24, 1 C1030). 

aw. E. Badger, C. C. Monrad and H. W, Diamond, Am. Inst. Ofumi. Nng., 24, 56 (1630) 
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salt solution, of the electrolysis of this solution in the cell wherein 
liiilf the salt is transformed into caustic^ of the concentration of this 
solution with separation of the salt as the concentration rises, 
and of the final evaporation to the anhydrous caustic over the open fire, 
itoi the luei cury cells, the procedure is about the same, but the caustic 
liquor issuing from the cell is free from salt. This is an important 
advantage il the licjuoi* is to be used on the spot: it requires no concen- 
tiation, loi salt content need not be removed. The liquor issuing from 
tlie: diaphiagin cell, with as much salt as caustic, could not be used as 
such lor most purposes. h or the manufacture of solid caustic, this 
advuintage disappears. The diaphragm cells produce a final caustic with 
2 pci c.ent ISaC^l, this small amount is not objectionable for the impor- 
tant applications of caustic. The great purity in this respect of caustic 
from inei cury celts (0.2 per cent NaCl) docs not bring it a premium. 

1 he general iiroecMlurt'- lor the bell-jar type cells is similar to that for 
tlui tlia])hragm ciills. 

The tlecomposition efficiency of cells varies between 50 and 60 per 
cent; a high figure is the more important the dearer the electrical energy 
purchased. 1 :)ecomposition efficiency is the ratio of the salt decomposed 
to the total salt; thus ii C parts of salt are decomposed into caustic, 
ainl there remain 4 parts of salt unchanged in the liquor (both deter- 
mined by titration), the decomposition efficiency is 60 per cent. The 
decomjiosition vmltage for commercial cells lies between 3.5 and 5, with 
4.5 iJcrhaps an avmrage. The tlieoretical decomposition voltage for KTaCl 
is 2.25. •* d. he v'oltiige effi<acncy is the theortitical decomposition voltage 
divided by the actual decomposition voltage, here 2.25 4.5 X 100 = 

50%. The actual voltage aT)plicd will vary with the current density, 
that is, the number t)f amperes per square unit of surface of electrode; 
the lugher the current density, the higher the voltage necessary. A 
]>art of the difference in energy rej^resented by the voltage figures appears 
as heat; the temperature of the diaphragm cell, for instance, maintains 
itself at about 60“^ C. In general, the rough estimate- is made that the 
potential drop for each cell is 5 volts. 

Tlui current efficiency, or better, the cathodic current efficiency, varies 
from 90 to 96 per cent in the best-designed cells, under even running; 
it may drop to 75 per cent or even less, for a variety of causes. The 
cathodici cmu-etit efficiency is the weight of caustic formed divided by 
the theortiticail w<ught of caustic which the amount of cui-rent per hour 
(ami)ere hour, indei)endent of voltage) should have formed (1.491 grams), 
multiplied by 100.^ 

The energy efficiency is the product of the voltage efficiency and the 
current efficiency, here 0.96 X 0.50 X 100 = 48%. 

^ Xhi« vaUus is based on the Gibbs -Helmholtz equation, and takes into account the heats of 
formation of the substances represented in the ecj^ation NaCl -H HoO — NaOH -t- ^Cl** al-to. A 
consideration of sini^le potentials is misleading ; among other things it leaves out of “account the 
fact that there are 10® sodium ions to each hydrogen ion. Some hydrogen is undoubtedly deposited 
directly, but in amounts too small to matter. Xhe bulk of the hydrogen is due to the secondary 
I’eaction of mt^t£illic sodium atoms on water. 

** Oo^njurrc **Tiie fundamentals of electrolytic diaphragm cells,” by H. X. Moore, Am. Itist. 
Chem. Bng,, 13, I, 42 (19203- 
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The amount of current required to liberate a ■>;ram-e(iui valeiit, at 
each pole is the Faraday, which is equal to 90,580 eouloiubs ( 1 cou- 
lomb = 1 ampei-e-second) . One ampere hour eciuals dOOO covdombs, so 
that the amount of material liberated by 1 ampi'i'e-lu)ur is. 

3000 

Chlorine X 35.40== 1.321S f-r:mis 

96,580 

3000 

Caustic X 40.01 = 1.4913 K'aius 

96,580 


Thk Ei.KCTitor.vTio Cb'U.r, 

The two cells in the illustration ( Fi”-. 29) show (lu- I's.seiilial parts. 
The current, which is always direct current, is said to «‘ntt'r at tin- anode 
and to leave at the cathode."* In a brine, there are i>rt>seid so<liuiu ions 
ISTa-*- and chlorine ions, Cd'. The chlorine it)ns nive up their neii;ativ<‘ 
charge tone electron) at the anode, and be<-onKi yt^llow cldoriiu- gas, t'b. 



KiiauiK 29.- 101(‘<*lrolyli<* l\)r su- 

(liiini cliloritlc solii I i < )n. TIk* chlo- 
rin(^ .T.niit>u, (U , forms clilorim* j 2 ;:xs 
III tho anodtvs, markxal A and ( ; 

sodium cation, Na*, Torms so- 
dium lit. the cat hothbs, markt'd li 
and I). A (iiai>hra^*:ni dividtbS tla* 
anode hrini^ <a)mpa!'t mont. from 
th<.‘ (aiiluxtlc i*oin 1 lart-mcn t . 


The sodium ions receive a negative charge at the cathode and Ix'come 
sodium metal; this dissolves as such in the moj-enry (t)r haul) of tin* nua-- 
cury type cell, or in the case of the dia})hragm cell, a stM-ondary ri'aetion 
takes place, the sodium decomposing water tt) form sodium hyclro.\:id(> and 
hydrogen gas: 2]Sra + 211^0 = 2]Sra()H -h Th.. In tlu^ Whiting mer<-ury 
cell, the amalgam fir.st formed is made, to react with water in a st'parate 
chamber, to form also caustic and hydrogcui. ''rin' several etdls are .so 
connected that the current passes from the cathode of one ec*ll to t he' anode 
of the next; the path of the current then lies through the nuhallic bar to the 
anode, through the liquid to the cathode, through metallic (xmnect.ion to 
the next anode, and so on to the last cathode, whic.h is c.onnected t,o tlio 
terminal at the generator. Irv passing through tlui metal, the tairrcnit 
causes no change; in passing through the brine, ti dc‘,comi)OHition of the, salt 
into chlorine and sodium takes place. Caustic gradually aeeuuiulates near 
the cathode; in order to prevent its free diffusion toward the anod<‘., a wall 
may be placed in the cell forming two compartments. Diffusion of caustic 
to the anode would result in the formation of sodium hvnoehloril <*. tlnis 

B it would be more correct to stay that elt^otrous enter at the ctithcMic, aiul at tht- Huciite. 

but the e^eneral custom should be observed. 
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rcdiK'ini*: the yiedd. ^riiis wall allows slow passage of the solution and free 
|)assagc of the sodium ions; l)y maintaining the level in the anode chamber 
liighcr than in the cathode chamber, the hydrostatic flow of liquor is 
toward tlu‘ <aithode, nullifying the diffusion tendency of the NaOH 
toward tlic^ anodes ''.Fhc permeable wall is usually asbestos paper or cloth 
suitably coated and is called the diaphragm. 


^riiK PiriUFiCATioisr OF Tin-: Salt Solution 


The* salt may be in the form of a natural brine, an artificial brine, 
or roc*k salt. ''Plie purification of the latter includes such steps as may 
be rc'cpiired for the brines. The salt is shoveled from the box car into 
an un(h‘rgr()und lio])pc'r feeding an inclined belt elevator or bucket elevator 
by means of which it is raised to the dissolving tank. This is kept filled, 
and warm watcM' is pumped in at the base and allow'ed to overflow at 
the toj); during its passage through the salt it becomes saturated. Instead 
of a W(K)den tank, a concrete tower (short) may be used. The brine is 
collected in tlie treating tank, where sodium carbonate and bicarbonate 
are added in amounts just sufficient to precipitate the calcium and 
magnc'sium salts. After settling to remove the coarse suspended particles, 
the cloudy li<iuor is decanted periodically into a series of large, wooden 
settling tanks which act at the same time as storage. The tanks are in 
series, and the l.>rine overflows very slowly from one to the next, so 
that they function as catch basins. The solution passing out from the 
last basin is almost clear; it ivS filter i^ressed, but the content of solid 
is so low that tlu^ l)ress need be opened but once a week or so. Instead 
of filter pressing, the brine may be filtered through a sand bed. The 
filtered salt solution, containing about 25 per cent IsaCl, is elevated to 
a tank above the cells and fed through a constant level boot to a 3-inch 
ynpe with si<le V)ran(‘h for each cell. The method of regulating the amount 
fed to the <*cdl varies considerably; one of the simpler schemes is to 
insert a horizontal plate with small orifice in the vertical branch leading 
to the anod (5 compartment, with a glass sleeve immediately below the 
orifice idatc to permit observation of flowL The size of the orifice deter- 
mines tlic rate of flow. 

Ttik Diaphragm: Cells 

All diaphragm cells embody the principle of enclosing the anode 
compartment by a diax:)hragm, as originally proposed by C. P. Townsend; 
they arc all therefore referred to as Townsend cells, but the modified 
constructions of the later cells have been of the greatest importance ; 
furthermore, they differ from each other radically. It is chiefly for con- 
venience that tiicy are grouped together under the same name. Of 
these modified Townsend cells, a sub-group would be formed by the 
Townsend-Baekeland ® and Hooker cells, which are evidently related. 


« “Tim now €*loctrolyiio alkali works at Niagara Falls,*' Leo Baekehmd, EUctrochemicaL and. 
MfMalluroical Industry, 51, 209 (1907). Also 7, 313 (1909), by the same author. 
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Rotli have liQiior in the c*.atliode comi^artinent , tlic kero^^c'nc' in tlu' lk)\vn“ 
scnd-Baelvcland cell being; replaced by caiii^tie liquor, with a rc\‘^idu;il 
salt content, in the Hooker cell. It seems certain that no cell laanains 
in commercial operation with kerosene in the cathode conipartnaait , so 
that the Hooker cell may be taken as typical of the diaphragui cells 
which have liquor in the cathode compartment. 

The Hooker Cell. The Hooker cell avoids thc^ re-working; of the 
chlorine-laden anode liquor, necessary in tin- Hack<‘land ccW, by dis- 
pensing with the kerosene, allowing instead thc^ jiart ly (-ansi it-i/a-d li{juor 
to accumulate in the catliodc cuanpartnient. 'The briiu- is tc‘<l to the 
anode compartment, but no liquor is <lrawn from it; instc-ad, licpior is 
drawm from the cathode compartment. The ra,te oi It-ed to the anode- 
compartment and the withdrawal from the cat.hodc- conipartim-nt. are- 
cqual. The level in the anode com]>art.mGnt is highc-r Ilian in the cathode 
chamber. The flow of liquor toward the cathoek- is strong (-nough to 
X>revcnt diflaision of the caustic to the anode. 

The Hooker cell, like the Towns(-ri(l-Bat^k(-Ian( I, is a re-ct angular nar- 
row box, as indicated in Figures 30 and 31. Tlu- loOO-amix-n' unit* would 




£. If 'nr‘i-1 


r:;r ' 
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:\ 



1 1 


Fkjcrk 30. — Side vio\v nnd vorl,i(^:d (-ross-soclion lliroiigli '^rownsrnd cedi. 
A , grapbil.o anodos ; ] )orl\)ra.1.('d with »hrap:in ; f ', ool- 

lot for hydvogc-n ; /), chlorine ont.h't; .K, <iis<‘.harg<^ for cauHtie'; lit|uor; 
F, brine feed; curveni. enl-ea-ing a.no<le ; If, tairrt'nt. leaving rath- 
ode. The level of the oa.\ist.ie licinor in Uie r.a lhodc' roinpari nuMd- is 
lower than the level in tlio aiKule coinpa-rtmt-nt.. 


be about 14 feet long, 3 feet high, and 18 iiudies in thic.kiu^ss. bkich 14 
by 3 feet side piece is of cast-iron, forming a narrt>w vcrtituil (diamlx'r 
just behind the perforated cathode carrying the untrcaUul asbestos papta* 
diaphragm. The base and the two narrow sides arc^ of reinforced (con- 
crete. Each cell has for anodes two rows of 9 grax>hitc^ slaV>s, oac*h r<^vv 
facing one of the diaphragms carried by the catliodc plate at a distance 
of 1 centimeter. If 60 such cells are united in a bank of cells, a current 
of 4000 to 4500 amperes would be sent through them (passing from tho 
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catlioclc oi one to the anode of the next; see Fig. 31), at 300 volts, each 
cell requiring a little less than 5 volts. To indicate the capacity of such 
a bank, its output may be estimated at 10 tons of caustic per day, hence 
per cell about 330 ]')Ounds (98 per cent NaOH).'^ Two or four such banks 
of cells are i)hiced together in one cell house. The Flooker cell works w'ith 
high (‘urr(‘nt densii ies,*"^ 100 amperes per square foot of cathode surface; 


Kkickio 31. — rOiul \ io\v of two Towii- 
allowing thti tjlectrical 
ions ; 1, in coll A 

U) 2 , iLiiocl(\s in coll E; 
3, cntlioch ‘s in c(‘ll H coniU'cttHl to 
iLiKxh's in c<‘ll (\ iu)t shown. 



its Ciitlioditi (*urr<.‘nt effici(ai(*y is 96 to 97 jier cent. Thei temperature of 
the coll licpior is 60'' C. (I-IO'^ F.) The Hooker cell is one of the largest 
(in ainperc^s) in o])t‘ration iind has l)een extremely successful. 

Tlie Hooker Type Cell. The most advanced type of diaphragm 

('(dl is t.hc^ “S'’ ec‘ll, with sexuarc cross section it consists of a concrete 
it)]) pi(M‘<*, a (*()ncrid(‘ bottom (set on short legs), and a central steel frame 



Fkjuue 32. — Arrungement of graphite 
anode blocks and cathode fingers 
in ‘'S’’ coll ; much simplified. 


whi(.‘h curriers thci miiltimcmbei'ed cathode. The cell is proi^ortioned to 
hav<^ minimum (outer) surface to volume ratio, in order to diminish the 
radiation loss. It is heavily lagged, also to conserve heat. The cell is 
closely packed with cathode and anode branches, with only a 4- inch central 
free passage, for anolyte circulation. The cathode is of the finger type. 


■J' “ UtwcriDtioii aixl vv^ws of tlio Townsend cells and tlie Niagara Palls plant of tlie Ilooker 
Kleotrooheriiictil Oompuny,*' A. l-I, Ilooker, Trans. Am. Inst. Chem. JEng., 13, I, o5-60 

» Tho current cleriHity means tlie current in amperes per unit surface. An increase in currant 
deuHity rtsiiuires an inertiose in voltage. 

** The liigher the t«anperature, the less tlie resistance ; higher tlian 90° C. is avoided because 
of the griXitf*r action of the products on. the coll walls ; 60 to YO O. is the genei’al^ 

““ U. S. l,806,O6f), witli six sketches. 
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the fingers reaching in from the sides; they arc ina<U' up ot crinipt‘<l 
wire covered with asbestos forming dia]:>hriigni.‘‘'* aiiodt^ is made 

up of graphite slabs, set in a bituinon-covercnl Icaid l>as<‘ platia whi{‘h 
receives the current; tlie slal>s rea(*li up from bedow bidwtuai th(‘ lingta’s 
of the cathode, so that every vertical face of tlu^ cathode is (dost* to a 
similar graphite surface. A single broa<-l-iaced (*onn(H*t ion at i\w cathode^ 
of one cell carries the current a short distaiu'c to ilu' siugli‘ post fi'c'diuo’ 



Figure 33. — View of a ttell room with (he umv type “S” t'dl, nu impiovetl 
diaphraj>:rn cell, of the Hooker hjl(;^ctro<di(aiiic:i 1 (^)inp;iuy. (lb' i>ermis- 
sion.) To left of center, note the bus-bar <*onm‘e( ion (o lowcu’ p.art 

of cell, and the i-incth brinc^ <leliv(M-y liiK- runnini^ a(. an anj.*Je 1<> (op of 
cell- tJi)per right, Mic^ large pii>(' liru' is for (ddoriia^, the upp»*riuosl nu(\ 
for hydrogoin. Note also the different angles of (nuisf.ie. rli.seharge pipr-s, 
and the small traveling cranc', with fre<i acat'ss l.o lh<> tops of eel Is. 

the anode of the next cell. The coll t)por£itcs at. a higher icini>craturc 
than its predecessors, at 85“ C. | 185“ F. | , which permits thc^ use £if a lower 
voltage; the heat need not ooine from convt'rted t*l{‘(d.ri<*al tauTgy; it is 
merely saved, and transferred from the outg<>iug prtxlucts to tin* inroin- 
ing brine, both by means of double- walled pii)e (a)ilH laid in tlu> cell wall, 
and by interchangers outside of it.“" The*, voltagt*. is btd.ter thsui 3.4 per 
cell (65 per cent voltage efficiency). The amperti t4Iieie:uc‘y i.s vta-y high, 
for at the increased temperature, less chlorirns is dissolved, only a trace 
of chlorate forms ffor exiimi)lo, 97 per cent u-e)). 

U. f=5. Patents 1,862,244, 1,866.152. 

U. S. Patent 1,862,245. 
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The (*ell lias other features. Its construction allows the vertical 
removal ol upper section, and of the cathode section; hence the cells may 
be placed close to each other, an economy in floor space. The horizontal 
entry of the brine starts the circulation of the anolyte, in order to relieve 
the working- surfaces of the depleted layers of brine. The cell may be as 
lar^c as nec'ded to take a 10,()00-ampcrc current; 7000 amperes has been 
the usual size. 

Nelson Cell. In the ISTelson cell, as also in the Allcn-jVIoorc, Vorce, 
and sev('i*al other cells, the cathode compartment is em^^ty of liquor; the 
c\austic. solution, with residual salt, runs down the diaphragm and collects 
at the base. In tlie Xelson cell,^^ steam is sent into the cathode space 
to maintain the tcmii^erature near 65° C. (149° F.). The form of the cell 
is again a narrow rectangular box set up as the Hooker cell is; the Allen- 
]Mo(n’c has a similar outside ai^pcarancc. There is only one row of sus- 
l')cnded gra])hit(^ anodes, and the usual size unit receives 1000 amperes; 
the current density is 50 amperes i>er square foot, half of that in the 
H(M)kc'r (‘cll. T'he voltage is lower, averaging 3.7 volts. Among other 
advantages, this cell produces a very pure chlorine; for this reason it 
was chosen for the installation at Edgewood arsenal during the war.^^ 
Three thousand and five hundred Tsclson cells furnished 100 tons of chlo- 
rine i>er 24 hours; the anodic ampere efficiency (for chlorine) Tvas 90 per 
cent; the caustic li(iuor was. maintained 10 to 12 per cent NaOH and 14 
to 16 per <*eiit ISTaCL 

Allen-Moore Cell. The Allen-lNIoorc cell has usually 1200 ampere 
units, working with a voltage of 3.6; the cathodic current efficiency is 
maintained 95 per cent over extended periods. The caustic liquor con- 
tains 8 to 10 per cent ISFaOH and about 12 per cent NaCl. The cell is 
constructed of concrete and cast-iron sides, and has in general the shape 
of a narrow rectangular box. The basic principle of the unsubmerged 
cathode, that is, of using an emj^ty cathode compartment, was first pro- 
X^osed by the dc‘signers of the Allen-Moore cell.^-'* 

The cell des<*ribod by E. F). Vorcc is cylindrical, and is said to 
furnish more caustic per square foot of floor space than any other cell. 
Anotlu'r cylindrical cell used in Canada, and by the United Alkali Com- 
l)any of CJreat Britain, is the Gibbs cell,^’’'' patented in 1907.^® The units 
are of lOOO-ampere capacity, requiring 3.6 volts; the floor space occupied 
is small. The GibV)s cell and the Vorce cell have an empty cathode com- 
X^artment as the Allen-Moore and Nelson cells also have. 

The Hargreaves- Bird cell produces sodium carbonate solution. The 

■10 ElectrochG^n. Soc., 35, 239 (1919), or XT. S. iPatents 1,149,210 (1915) and 1,149,211. 

11 '•'j'lns Cjrovornmont chlorine -cpustic soda plant at Edgewood arsenal, Edgewood, !Md., 

Siiniucl IVI. Gro«*n, Ohorn. Alct. JSnp., 21, 17 (1919). 

'2 “The AIU'n-M<u)ro cell in the pulp and paper mill,'' F. H. Mitchell, Chem. Met. Eng., 21, 
370 (1919). 

Traw« Arn. In. si. Oh cm. Eng., 13, 11 (1920), 

Trans. Am-. Inst. Chism. Eng., 13, I, 47 C1920), and U. S. Patent 1,286.844. 

^^Ind. Eng. CHem.. 16, 1056 (1924). 

Brit. Patfsnt 28,147, also U. S. Patent 874,064. 

In. its original form, tlie Gibbs cell had caustic liquor in its cathode compartment. 
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caustic soda primarily formed is changed to tlio (‘.arbonate at, on<‘e by 
carbon dioxide and steam injected into the catluMle coinpart.incad-. "riic 
Griesheim coll has magnetite anodes, and solid salt is i'vd into the a:notlc 
liquor. 

CoiSrGKISrTRATlOJSr of TIIF CaUSTIO I jIQUOU 

The liquor flowing off from the ciit.hodo compart nuait. contains both 
caustic and salt, for the diaphragm cells just disiaissc^d. ''riu' solution 
contains about 12 i^cr cent ISTaOH and 12 per cent Na(d. It. is con<‘.(m- 
trated in a double-effect evaiiorator/**^ for example, and t‘a.(*h boiling pan 
may have its own separator in which the salt is (collect <'< I as fast as if 
separates from solution, so that the heating surface' in tlu' t>an may 
alvrays be swept by liquor. When a batch of cell licpior has Ix'en con- 
centrated to 50 per cent NaOII only 1 per cent salt rc'niains in the solu- 
tion. The suspension from pan and separator is punipc'd to a s(‘ttl('r 
with monel wire over a conical base; the salt setth's on thc^ wiix', the 
caustic liquor collects in the cone. The liquor passc's to (*o()ling tanks 
where any salt in suspension is carefully rcniovc^d by sc'ttling. /TIk' 50 
per cent liquor next reaches the cast-iron iK)ts hcat('d by <*oal or oil 
fire, where all the water is cvaj)oratcd ; the liquid aailiyclrous <'austic, 
with perhaps 2 per cent NaCl, is removed from tlu^ pots by a ct'ntrifugal 
pump lowered from a crane. The liquid caustic is i)unipf‘<l to thin steel 
drums on low trucks; after cooling, the mass is solid, d'ho. waught- of a. 
caustic drum is gcnera^lly 700 pounds not. Caustic soda is also ina.]'k('t(Hl 
in crushed form^ particularly for household uses; in flakc's; and in the 
form of 50 per cent liquor, which is cl)caper sima^ the (inal f'\'ai)orat ion 
in the caustic pot need not be i^crformcd. 

The salt in the settlers is washed a number of tinu's l>y Tupiors of 
decreasing caustic content; it is made ur> to a soft mush and pumi>e(I 
to the dissolver, re-entering the system with the raw salt solution. 

In order to produce an absolutely iron-free (‘austic', souu^ ]>lants iirv 
now’ substituting for the pots continuous eva-porators c*(>nst=ru(‘t t'd of 
nickel. 


Tiik Grora, 

Castner Cell. In Ihe Castner cell, the so<liuiu fornu'd at. the cathode 
is dissolved in mercury to he ('lianged to e.austi(‘- in a. suhscupient o]>era- 
tion. In the original form of the Castner coll thc^ la'inoval of the 
amalgam to the denuding chamber was by tilting, about omu' a rninutc'., 
through a distance of one-half inch. Such a (udl consists of a low slate 
box with three chambers; each of the two docoinfiosing coinpartiiK'nts 
have a graphite anode and mercury cathode; the <diarnb(*r in the nii<ldle 
is the denuding chamber, with an iron cathode suspended over the amal- 
gam layer. The partitions between the chambers roach into groove's wliieli 


OhaptcT 43. 

•TO jEi'or an ticf.ount of the iru'-Uiod of evaporation, compare Ind, ISnt/, 16, i0/i7 < 1924). 

-0 JElcctrochcm. Ind., 1, 11 (1902). 
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water entry; 6, exit for caustic solution; 7, outlet for c'hlorinc ; S, hydro- 
^ 2 :en OvSCiipe. iNolo pivotinp; rib. When the cell lips to Ihc ri^>ht, iho level 
of the niercniry with respect to the cell walls is as shown by the dotted 
lim\ 4 t,o 4, 4 foot. 

iiro with iPoi*cin’y but ]>criint the anialgaiii to pass freely. The cur- 

rent enters at the anodes and leaves at the iron cathode. Brine is fed to 
the two de(‘(nn])osin<2; compartments; water enters the demidin" chamber 
while a solution of caustic, free from salt, leaves it; outlets for chlorine 
from the anode compartments and hydrogen from the denuding com- 



fiGUKK 35- — Top view of the Castner cell, original type, with the cover 
removed fi’om two of the chambers; the third chamber has its cover on, 
and. shows the anode fingers coming to the bus bar. The numerals have 
the same meaning as in the previous sketch in addition, 9, stands for 
the anode slabs; 10, the iron grids dipping in the mercury. C to 33, 
8 feet. 
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jiartment are provided. The units are fairly larf:;e, ov(a' 1 ()()() ainpc'ros; 
the voltage is about 4; a liquor containing as high as 25 pea* (-(Uit NaOH 
is obtained. The concentration of the caustic is grc‘atly siinplifi('<l by the 
absence of salt. 

Whiting Cell. The operation of a mercury cell appears simple and 
free from difficulties; but in reality very few plants ha\a^ su(*c<ual(*< I in 
oi:)erating the unmodified Castner cell. The chief diflicuHy ac(*c>rding to 
Whiting is the incomplete removal of the anialga.m from t!i<‘ dta'oin- 
posing compartment. In the modified cell-' the mercury is stationary 
during electrolysis: after 2 minutes, a valve o}>ens which pcnaiiits llu* 
amalgam to flow into a chamber below it, wlu're it is (hunidcal ; thc' free 
mercury is lifted by a bucket wdiccl to a reservoir-trough just abo\'(' the 
decomposing chambers, and is run in at 2-minut(*. int.tu'vals. hh\a‘ <‘lia,ni- 
bers make up one cell, so that the operation of tlu'. (*tdl as a wlioU' is 
continuous. A cell of five sections is 6 feet scpnirc', tak<‘s 1200 anipcaa's 
at 4 volts per cell; the cathodic current effici('iu*y is 90 to 95 pm* cent. 

The merit of the mercury cells is that they produ(*e a, caust i(* fr(‘e 
from chloride. 


Thu Bi:ra.-JAR Typu Ckuu 

Billiter Cell. In the Billiter cell,-- the graphiit' anode is s\is] >i'n(UMl 
in a bell-likc housing, from which the chlorine, is drawn off; t lu' (aitlnxie 
consists of a number of iron rods slightly inclined from the horizontal; 
each rod is surrounded by a tight asbestos tuVx':. At tlu' calgc' of tlu' jar, 
the rods and tiibcs rise upward; as the liydrogcai is i^volxaul along iiie 
rods, it travels upward, carrying with it the <auistie. licpior w]u<‘h is 


Table 8. — Eiithnated DLstribui.ion of (^a/ns/ir. jSoda *SV//r.s‘ fn. lJu- (-ftf/t d Sffrfrs 

(hi sfiorf. 


1 nclujst.ry 

Hay on, colhilose film. 

Chemicals 

Soap 

Petroleum rofiniiif? 

Exports 

Pulp and paper 

Lfve 

Textiles 

Rubber re-claiminp; 

Vegetable oils 

Miscellaneous 


* c/icjn. Met. Bna., 44, 77 (1937). 


1035 

1 938 

IGO.CKK) 

17.1,{K)0 

118,(KK) 

150,000 

90,000 

HV1,(KK) 

87,000 

9r>.(XH) 

(>0,r)(K) 

72.0(K> 

40,(KX) 

*10,(XX) 

8S,0(K) 

4(5, (KX) 

;m,oo() 

15,(KX) 

11, (XK) 

Ki.CHH) 

9.000 

10,000 

50.500 

(5a,(XH) 

71<>,000 

TlMi.tXK) 


delivered to a small receiving chamber in each cell, froit» whieli it is 
sent to the evaporators. The brine entry into the bell is ntu-h that ih<! 
flow is toward the cathode, and as the canatic is carried out as fast as 
formed, it does not interfere with the oaasatro of the current. 

Tran». Am. Elcctrochcm. Eni/-. 17. 327 <1910). alau tl. 8. 051,223-9. 

British Patent 1 1 .89.3 0 910^. 
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The estimated distribution of caustic soda sold in the open market is 
given hi Table 8. 

Bv-Prodxjcts of Electrolytic Caustic Soda 

Hydrogen from the cathode chamber and chlorine from the anode 
chamber are the by-products of electrolytic caustic soda. The hydro- 
gen is generally wasted, except that in some i)lants chlorine is burned in 
an excess of hydrogen to give a very pure hydrogen chloride which dis- 
solved in water gives hydrochloric acid. It is likely that in the future, 
all ol the hydi'Ogen will be utilized. The chlorine is the more important 
by-product of the two; it is produced at the rate of some 230,000 tons 
a year. 

Liquid Chlorine. Chlorine is easily liquefied to a brown liquid ; this 
(drcumstance has extended its usefulness considerably over that which the 
gas }iossesses. At O'^ C. (32^ F.), a pressure slightly over 39 pounds will 
(‘ause liquei action ; at — 20° C. ( — 4° T-)j slightly over 12 pounds are 
needed; at — 33,5° C. ( — 28.5° F.) , only a little over atmospheric pres- 
sure is required, A temperature of —20° C. may be obtained with an 
ammonia refrigerating system, brine or gas, while —40° C. (—40° F.) 
is obtained by a carbon dioxide system (Chapter 12). 

The chlorine gas leaves tlie anode compartment warm and moist; 
under gentle suction it i')asses along a 3-ineh stoneware line to a stone- 
ware or quartz S-bend cooling system. It next enters a stone box filled 
with scrap iron ; ferric chloride forms which is exceedingly hygroscopic 
and removes much of the water in form of a strong feri-ic chloride solu- 
tion.^‘^ More freciuent than the ferric chloride box is a series of tw^o 
short towers with large disks made up of coils through which water, the 
incoming brine, or refrigerated brine circulates ; the condensate is run 
to the sewer. The ]mrtly dried gas may then be circulated in a battery of 
Cellarius vessels through which 66° Be. sulfuric acid flows in the opposite 
direction (counter-current jirinciple) . It next reaches a Nash turbo- 
blower, whose multibladed impeller w^orks in sulfuric acid held in an ellip- 
tical casing. For each revolution there are two comi>ressions and two 
expansiems of the working fluid, caused by the shape of the casing ; the 
alternate comi>ression and expansion move the gas. A pressure of 15 
pounds may be obtained. The compressed gas is cooled in double-walled 
tubes, through the inner passage of which liquid carbon dioxide is expand- 
ing. The chlorine liquefies at a rapid rate, and is led to a steel storage 
tank. Any of the less compressible gases loresent as impurities, such as 
carbon dioxide, monoxide, and hydrogen, are vented from the storage tank 
to bleach chambers. 

The liquid chlorine is shipped in 50- and 100-pound steel cylinders, 

Chc^m, Met. JSrto-, 21, 17 (1919). 

XJ. S. Patent 1.359,047. 

^ NTafsli Firtgrinfttftringr Company, South IXorwallc, Conn. ; sketch in Chapter 41. 
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in single tank car units of 15 or 30 tons, and in I -ton non (ainers 

of which 15 are placed on a fiat car.-^* 

The 1-ton unit is very convenient for nuiking the; l)h‘a(*h at, (Ju; pulp 
or other mill, because the required quantity of milk of linu' may bo 
prejoared and all the chlorine in the cylinder allowed to pass in without 
danger of wasting any. There is formed calcium, hypochlorite^ ChicOd)^ 
and CaClo. All containers have one or two internal pipes, so that, cathor 
the gas may be drawn, or the liquid. If the giis is drawn, lu^at. m\ist 
be supplied to make up for the heat of vaporiKation, or c*ls(' tlu^ procc'.ss 
is very slow. It is most convenient and simple to us<.; tlu' li<|uid, mixing 
it directly with the milk of lime in a small mixing chamber””; in that 
way the process of vaporization uses a ]>art of I lie lu^at of la^m^t iou 
of chlorine on lime. In the summer time, f.his is iupiortant. in ktaping 
the temperature of the mixture below 40*^' O. ; aboxa; t.ha t point, cal- 

cium hypochlorite is unstablc.^‘"^ 

Tor the chlorination of nuini(‘ipal water sup[)ru\"^, arul for aii\' ollua’ 
chlorination away from the manufactiirixig ])lant, (*]ilorim‘ in tin* litjuid 
form is preferred. 

In 1935, there were produced 319,303 tons of (diloriiu', a .gread incrt‘a.se 
over the production of the j:)revious year, 217,089 tons, whieh itself was 
better than the 180,870 tons of 1931. Th<; 1935 value; \\'a,s $38.-11 a. ton; 
the 1933 selling price was $3(3.02 a ton. ddiese figure's are; exelusive* of 
chlorine made anel consumeel by the wexxl-pulp indust ry 

Tlistributicjn of liquid chloidne for an avea-age yc'ar follows: 

Pulp and pai:>er (359fj Sanitation lO/f* 

Textile 209 ^.^ Mis<*e;lhuu'ous 


Gaseous Chlorine and Bleach, Chlorine; gas at tiu' geauu-ating plant 
is used, witliout coin])ression to tlie; liepiid, te) make 'M )lc*a,ch /’ and for 
the chlorinaticm of organic subsian(;e;s sik;Ji as beuize'uo, tohnuie, pmd a.ne;, 
and others. 

Bleacliing powdeu; is tin; pro<lu<;t e)f tlie; i nt (U-act -ion of clilorine gas 
on hydrated lime: Ca(OIl);i -T Cdo ^7^= CaOCk -f I k( >. ddn* e-hlorick' of 
lime so formed, when disse)lve;d in wate;r, give;s cepial uu)Ic(*ulaT* parts of 
calcium chloride, wliich as fiir as bleae-liing is coiH‘(;riU'd, is iis(de*ss, and 
calcium hype.K;hlorite, which reU.ains the (e)(.al ble'ae^hing power e)f (he 
original material 

2CaOCli. tlissolvenl C^iiCU 1 

Chloride of lime or “blea(;ld' must not be; c.onfuse;eI with calcium hypo- 
chlorite. 

Througlv a recent decision of tlie Interstate Oormnercet O.otntniHHioii the contniiiei'M *ire rtniMidered 
as part of tlie car, and no frei^lit is paid on tliem. See 1. C:;. C. 1 Socket 13805, 85 I. < J. C. 728 
C1924) ; Invest- & Susp. Docket 2456. 104 I. C. C. 196 (TSTov. 9, 1925), 

^ TJ. S- Patent 1,481,106, to James H!. MacMalron., assigned to tho iVliithicstm Alkali VVt»rKM 
of New York; the time required for the absorption of l.I.on of chlorini^ is 3 hour.s, 

28 The bleaching solution used in the pulp and i)aper uiiIIh Is 6‘* Be. iiiul (u^nfaUiN 30 xranis 
available chlorine to the liter. 

28 a Bureau of the Census. 
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The. (‘hlorino al.^sorption is performed either in a scries of low-ceiling 
l>i*i(*k cliainbcrs^ or in patent shelf absorbers which require little space. 
In either ciisc tlie counter-current principle is applied, the fresh gas meet- 
ing the richest blea(*h; the loan gas, the new hydrated lime. The bleach 
so prepared has been displaced to a certain considerable degree by 
(1) liquid chlorine, in mills and factories, (2) by calcium hypochlorite 
Ca(OCJl) 2 , a stable material of high test, while ordinary bleach spoils 
iiftcr several months, and has a low test (35 per cent available chlorine). 
Available c'lilorine means chlorine evolved on addition of acid; 35 per 
cent available chlorine is a material which has the effectiveness of 35 
parts of liquid chlorine. Pure calcium hypochlorite, by the laboratory test 
applied to all bleaching agents, rates 100 per cent available chlorine.-^ 

In 1929, the production of bleach was still 93,116 tons; in 1923, it had 
l)cH'n 146,975 tons. 

High Test Hypochlorite [H. T. H.]. Calcium hypochlorite Ca(OCl) 2 , 
esscnitially free from any other inatcrial, in the crystal form, is a stable 
material and efforts to i)roducc it in bulk have been earnest and suc- 
cessful. 

(^nc‘ method for its manufacture is the chlorination of a lime slurry 
fcdlowed by the salting out of calcium hypochlorite by means of common 
salt (TSTaCl).**^* IN’o organic solvent requiring later recovery is needed. 
'■J'^hc', product may be made essentially 100 per cent Ca(OCl) 2 , but an addi- 
tional op(M*ation is then I'cquired, so that the material actually marketed 
is 75 per cent Ca(0('31)2. It is therefore twice as strong as ordinary bleach, 
also it doc's not spoil on staTiding, it is not hygroscopic, and made up with 
water tlie solution is ]>ractically clear. 

The latest and most successful method for making high test hypo- 
chlorites (If. T. 11.) is the formation of the newly-discovered'*^- triple 
salt Chi (OCl) 2 - NaOCl . ISTaCl , 121120 and its subsequent reaction with 
calcium chloride. The triple salt is made as follows: 40 parts ISTaOH, 
37 inirts C'"a(Orr )2 and 100 i:>arts w-ater arc chlorinated at a temperature 
belcnv 16"'’ C2. (60.8"" F.) , such as 10"" C. (50"" F.) . This reaction (a) is: 
4]Sra(^lT + Chi(OT:I )2 + 3Cl2+9IT20^Ca(OCl)2 • NaOCl • ISTaCl ■ 12 H 2 O 
-h 2NaC.d. Tlie comparatively large hexagonal crystals, the triple salt, 
sepai'ate, and are c'cntrifuged. In the meantime a special calcium chloride 


TIk' tf'st. for avinliiUlci chlorine in bloacliinp; powder consists of acicUfyinK in the presc'in'o 
of potassiiini iodide. ^J’he iodine liberated is titrated. It may be liberated by Cl, but also by 

h vr>f'ahlr)rit.e contains 00.7 per cent available chlorine, yet only 50 per 
chlorine: it is' evi<lent thivt a chaui^e in the method of desisnatinp: the strength of bleaches is 
<lesirnl>l(’!. '^I'he most lojjcioal wav would be to state the content of calcium hypochlorite, and tins 
would id.so be the easiest for it happens that numerically, the present ‘'availalMc chlorine is alnaost 
the same! as the calcium hypochlorite content. The chlorine equivalent for calcium hypochlorite 
is shown by the reactions : 

CaCOCUo d- HoSO.^ = CaSO., -h 211001, 

2IIOC1 d- 4HI == 2 I-I 0 O d- 41 d- 2B:C1, and 41 are equivalent to 4C1. 


Tlleaehinp: wsis explainetl formerly as oxidation; today it would be said to be^ the tahinj^ of 
electrons. A substance which yields frap^ments Cions) which tahe up electrons is an oxidizinp 
sifrent. Measured in that way, oxygen as well as chlorine is a bleaching agent, a fact already well 
known in an c>rnpirical way. 

XT. R. Patent 1,764,473 (1030). 

XT. R. Patents 1,481,039-40. 

XT. R I*atent 1.787,048, to Robert MacMullin and Maurice Taylor; see also XJ. S. Patents 
1,787,080, 1,754.474. 1,754,476. 
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is prepared by chlorinating; a milk of lime, in Ihesc^ j >roiK>rt ions : 74 pai'ts 
Ca(OH)o, 213 parts water, 71 parts chlorine; the' t (Mtipc'rat nre' is held at 
25° C. (77° F.) : (b) 2Ca(OFI)- -h — > C "a (.OC '1 ) o -f- C'aCd:: 4- 2IIo(). 
Next, this vsoliition is cooled to 10° C. (50° F. ) , the caail rifuti;<'d crystals 
arc added in the proportion required by the reaction ( c') 2Nat )( 4 4- C'-aCho 
— > 2NaCl 4- Ca(OCl);i, and the suspension is aii;itata'<l with ^aiddh's. On 
warming to 16° C. (60.8° F.), reaction (c) takes ]da(*e and 1h(‘ whole 
sets to a rigid mass. The trii)le salt Oa. (()( U) ^ * Na( >( 4 - Na(4 • I2I Io() 
becomes 1 iCa (OCl ) i» ■ 2H:>(), the diliydrate, 2NaC4 ainl wat(M*. After 
drying in the vacuum, a material testing 65 to 70 p(‘r (*ent C \'i ( ( )( 4 ) rc'siilts. 
Such calcium hypochlorite as accompanie<l tlu' (‘al<’i\nn <‘hlori<h' is jy^st 
that much more product. Fhe NaC.4 coidc'ut from ( (* ) is not ri'inoved. 

()TiiKii Patents 

XJ. S. Patent. 1,236,978 on a nu^liod for inakiTip; hij 2 ;[x test, rnlriuni h \i>< x-hlorito ; 
1,862,244, on c*c41 construction; 1,862,245, on heat, rc'cnvc'ry in < rc >1 vsis ; 1 ,99(),7()9, 

manufacture of stable sodium hypo<*hloril.f' ; 2,010,717. 2.()2S.S9S, 2 , ().'>{),( >1 )4 , puril4'inp; 
caustic sohiliouvs; 2,031,844, 1,922,591, inarm fac-lurt' of caustic stxia ; 1 757-8, 

process and apparatus for 3 )roparing liquid blc'acXi. 

I^UOHl.KMS 

1. An IS per cent NaCXXi solution is ina.d<' to roa<*t with a 2S per cent ('a(()II)M 

shiny. (a) Assuming*: the roaertion to he <‘<>nipl(‘t (', what will he the coinaait ration 
of the resulting <lcca.nlod caustic soda, solution? (h) (k)nsult. the eurv(‘ for con- 
version against concentra.tion of sodium carhonal.t' solution, an<l timl flgnr(‘ foi- 

ls per cent 'Na^COn; using this coiiversu>n llguvc. what will he tin- t-oneent rat ion of 
the caustic soda solution? Foi* exact ri'sults, tlu^ W(4gli(. of (he non-eoiu-ta-ted 
Na 2 CO» present in the caustic, soda litiuor must. Ix' c.oniputcxl aial iucinded in tli(^ 
solids \vhich the liquor contains. 

2. A batch of sodii ash solution cont.aining 19 p('r (xmf. NarX '( );i is tiv-ated with 
the proper amount fuse (a) the t hc'orotical, (b) (he* amount rc<iuired hy a t> I ])('r 
cent conversion figure! of a milk of lime cont.aining a c-c-rfain amount of wah‘r. 
How much water must, the inilk of linu- (uuitain, if tin* u suiting caustic Ii(|Uor is 
to be 11 per cent Na,OH? Find the answf>r for (a) and (b). 

3. A plant ca.iisticizes 149 t.ons of soda ash (9S.5 per cent Na?('(h) €‘\'ery day. 

The lime u.sed is 94 per (xmt. Oaf), Allowing a 4.5 p(u* cent- excf-.ss of lime, aild 
avssuming that none is rec.ov('re<h how many tons of will he x-<*q\urt*d7 \Vl\-at 

is the production of 50 per cent. NaOH liquor, if t.lu^ yi<*l<l hjisixl on soda ash is 
94 i:)Gr cent? 

4. A battery of 60 Nelson c<dls pro<lucc-s peu* day 10 tons of chlorine', at an 
anodic current efficiency of 93 ])er cent.. 44ie c.utho<li(' iuirnuit (dlicicm-y is th<' same. 
How much caustic soda is i>ro(hi(X'd at the c<dl? What is thf- c'urrc'iit in amix^re 
hours which passevs through the c ell if 1 am])eri‘ hour is ri'<itiirc'd ff>r 0.(K>;^29 txumd 
of NaOH at 100 per cent current (dfudcmc-.y ? 

5. A plant has 18 tanks with capacity of 40,000 gallons ciiclu 44ic salt solution 
cont.ained therein is 25 T)er cent Nad, and has n. sp('<‘ifi<t gravitv of 1.200. The 
plant produces per day 32 tons 85() i>ountls of 100 ix^r ix'id. NsiOfi, at 95 per I'Ciit 
yield. What is the storages (capacity of the tanks ('xprcs.s<xl in days? In reality, 
the final product is 98 per cent NaOH for the diaf)hragin cell plants, arul the 
remaining 2 per cent is vsalt (NaCl) and a small nmmint of carboiiatt*; for the Siikc 
of simplicity, the purity is given, as 100 per cent NaOIT in this t>robl<nn. 

18 days. 

6. The liquor trom the electrolytic diaphragm cell (xmtains 12 ptu* cent NaOH 
and 12 per cent NaCl. For a production, of 10 tons of soUtl caustic p<’!r day, how 
much salt will precipitate in the evaporator, if 2 per ci'nt. remains in the caiiHtio? 
What decomposition efficiency docs the cell liquor rcu>rc^siuit? 
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7. Vei’ily cloconipositioii volfciLgo for salt in solution to produce caustic and 

chlorine, given as 2.25 in tlu^ text. The heat of formation of XaCl is 96,400 gram 
ciilories; thiit* of water, 68,3/0 gi’aiii c*-alorios, and that of caustic in solution, 112,700 
gram calories. Compare Problem 4, Chapter 18. 

8. It is dt^sired to inanufacturo 75 tons of calcium hypochlorite testing’ 75 per 
c.eiit ‘‘aA-ailable chlorine” by Iht'^ .salting out method, the first method given under 
tl. T.ll. hind out how much lime will have to be used, how much chlorine, and 
how miurh cahaum chloride in solution will bo discarded. The relation may be 
as.sum(‘d t.o be llu' th(‘ort4,icail on<‘.s. 
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A.t 77 iospJieTic rvitrogcTi is available in vncirhaust iblv if u‘s. 2^0 

convert this vast store of nitrogen into a rcvw 'nidtcruil for man ufac- 

twre of indispensable fertilizers and pcace-i t.fne <is anil o.s irar-timc 
ecsplosives has been one of the inajo^* tasks of th<^ rhi'nitsf. //r has dis- 
charged it brilliaritly . Of the total coyn/pomuls rnadi' or <\vi raid rd for Ihcir 
niti'ogen values, 7'5 per cant a/'C ^'‘chcnitcai nit rogiu , or ^diir 'niirogen^^ 
com/pown.ds. 

Chapter 6 

Synthetic Nitrogen Products — ^The Fixation of At- 
mospheric Nitrogen — Direct Ammonia, Cyanamide, 
Nitric Acid from Ammonia by Contact Catalysis 

As long ago as 1780 Cavondisli <*aiistHl the (*oiu] )inat ion of tlu‘ nit ro- 
gen and oxygen in the air by means of an ehH‘.iri(‘. spark. first pra(‘.- 

tical large-scale uianul'actvire of a nitrogen (u)iu])ound from at inosplun-ic. 
nitrogen was that of Birkcland and .Kyde, at Nottodenp Nor\va.y, early in 
this century. In tliis process air is jiassed iit a riipid ratt‘ through iiii 
arc spread out to foian a flame. A previous attcnnpt. by Ih*a<lh‘v and 
Ijovejoy at Niagara Falls in 1902, using the ar(‘. method, had failed bt'cause 
the arc flame area was too small and becaiuse the gas<‘s \v(‘rt‘ not rtnnoved 
from the reaction chaiubor fast enough. Thc^ Norwc^giaji pro<*(‘ss l)(‘n(dit(‘d 
from the demonstrated faidts in this installation. 

The manufacture of synthetic ammonia was (rit^d a litth* lat(M*, and 
succeeded first in the Haber process, in which a mixture' of nitrogcni and 
hydrogen is passoxl at moderately liigli temix'vatiirc' and umltn* ]>ri'ssurc 
over a contact catalyst, whicli causes a partial convi'rsion of 1,1 t'hnuemial 
gases into ammonia. Several modific'.af.ions of thc^ pr()C(\ss liavi' biHui 
developed for making ammonia fi'om tlic t'hniunit.s; (hey have' be'.en so 
successful that this }:)rocess is now more imi>ortanf* than all otlnu’ syn- 
thetic processes combined. Ammonia salts ni-e vahnibh' fend ili/a‘rs ; more- 
over, if nitric acid is called for, iiTumonia may bc' oxidizt'd with at inosplu'rio 
air by the aid of a contact catalyst, so that tht^ synlhtd-ic annuonia i>roei'ss 
may also produce from atmosplu'ric nitrogc'u, in an indir<'('t way, wliat the 
arc i^roccss furnishes directly. 

An entirely different ]>ro(a‘ss h)r tlu‘. fixa.(ion of atniosplundc nitrt^gen 
is the calcium cyanamide process, whicli (h^anids upon t.Iu? fact that metal- 
lic carbides, particularly calcium carbide, readily absorb nitrogem gas 
to form the solid cyanamide. This Hiibstanc.c as sucdi is a ftnd/iliy.t'r. By 
a further treatment it may be transformed into e.yani<l<'; l>y another 
into ammonia, but this ammonia is dearer than direct syntheti<; uminonia. 
The process was developed by l^'i-ank and Caro in OorTtiuny, in 1895-97, 
and has been introduced in many countries siiict^- that time, among others 
in the United States and Canada 

Another process for binding the nitrogen gas of the* air in the fonn 
of a chemical compound easily transported, which is whut ^‘fixation of 
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atmospheric nitrogen’^ means, is the Bucher process which produces 
cyanides, fcrrocyanides, or hydrocyanic acid "without using a carbide. 
It is of no commercial importance at present. 

finally, nitrogen may be passed over metals at suitable temperatures 
to form nitrides which on treatment with steam yield ammonia. The best 
known j)rocess wliich embodies this principle is the Serpek process, manu- 
facturing aluminum nitride; it has been introduced in France but not 
in America. 

The \"ai*i()iis procc'ssos lor the fixation of atmospheric nitrogen and 
thc‘ir prin(*ip]c‘s may be grouped together as follows: 



Ficiatio 3G. — The growth of atmospheric nitrogen fixation (based on infor- 
inatioii from Forlilizer Investigations, Bureau of Chemisti-y and Soils, 
l><‘partnient of Agri<*ultiire, Washington, D. C.). 


a. ''i^'ho various iirc processes in which ordinary air is passed at a 
rapid rate through a broad or long arc. The products are nitrates, nitrites, 
or nitric acud. was the earliest process, but is hardly a factor any 

more. 

h. Tli(^ dirccit synthetic ammonia process, requiring nitrogen free from 
impuriticKS, and pure hydrogen. The two gases mixed sweep over a cata- 
lyst while under pressure and at an elevated temperature; the product is 
ammonia, wliich may be further combined as a salt, such as the phosphate 
or the sulfate. By catalytic oxidation, the ammonia may be changed to 
nitric aci<i, and this in turn into nitrates. The great expenditure ©f elec- 
trical energy required in a is avoided in b. 

c. The cyanarnide process, which also requires fairly pure nitrogen, 
and calcium carbide, itself a product of the electric furnace. The mate- 
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rial produced is ealciiiiu cyaiiainidt^ By sit'aniiuji; in aut <)<*la vt-s, aiiunuuia 
is produced. 

d. The cyanide and feri' 0 (*vunide processes, in which nitro?„!;t‘n is passed 
into a vessel containiiifi; an alkali and coal inixtai anal luaiital. 

6. The nitride process, in which nitro^tni ^as iinit<‘s with cta-tain niid- 
als. The product as such is not uscal; it is Irtaitcul with wattna vitddiui*' 
ammonia. 

The reason why the lixadion of atiuosplu^ric nitrt)e:on lias het*n a <lini- 
cult task is that elcinental nitroaien is comparatively u nrea<’t i\a‘. It t‘c)iu- 
bines with only a few other elements, and tlnm onl\’ undta* violent incains, 
such as elevated temperatures. 

The relative industrial imi)ortanc‘('. of tlu‘ thria» most important prot'.- 
esses, a, 6, and c, is shown in Fia;ure ‘M>. A e;laiua‘ sutlices to tell that tlu^ 
synthetic ammonia process leads. 

The capacity for the production of dirtad synthi*ti(* aiumonia. in the 
United States^ on January 1934, was 341,350 tons (2,()()() Ihs.) of nitro£j!;t*u 
annually, which was 10. G per cent of total <aipacity of similar plants for 
the world. Germany is the leader, with 1,13(),()S0 tons installed (an)a(‘ity.^ 

Table 9 shows the world production for several years of nitrorven (‘om- 
pounds in every form, Chile nitrate, by-prtxhad amiuonia, synt indie 
ammonia and other nitrogen compounds. 


Table 9. — World Pro^Iiictuyu of N itrcKjen (Yornpound.s, in Mrlrir of X it nnjtni,^ 

(The year i.s frotn July Isl of oix' y<*ai* to Jiun* ;U)th of tiu- next ). 



1035 -30 

1U3'1 :i;> 

:n 

33 

Total world production 

2.;{7S,()()0 

2,07(),(HK) 

1 .792.(KK) 

1 .(>77,01)0 

Sulfate of ammonia 





by-product 

3(35,000 

;WI .<M)0 

:>07.(MH) 

2r>S.(M)0 

synthetic 

()3O,()()0 

533.0(K) 


.5C>0,()(K) 

Cyanamide 

27(),(K)() 

2;i2,0(M) 

i9r>.(H>() 

ICkS.(KH) 

Nitrate of lime 

ir)C,(K)() 

l.Oii.OOO 

107,(KK) 

1 IH.OCK) 

Other forms of synt.liotic^ ni(rojL»:oid'"*' 

720.000 

(•>07.000 

5U>,()(K) 

-U32,()(>0 

Other forms of Ixy-producJ. nitropicui 

•15.(K)() 

'jr>.o(M) 

IS.(KH) 

•t(),(K)() 

Chilean nitrate's 

192,(KK) 

17‘).(K)0 

Sl.OOO 

71,000 

Total world consuniiv>tion. 

2,4(K),000 

2 ,071, 0(H) 

1 .vSTS.CKlO 

l.747,(KK) 

Agricultural consumi)! ion 

2,008 ,0(K) 

l,K12.0(M) 

1,(373.0<H) 

1 .5.S(3.(KK) 


For the year 193^5-3(3, th(> syiitlu (i<* iiitro« 2 :<ai products won' Tad por ccut, the 
by-product nitroR’cn compounds 17.3 ])t‘r ct'ut, and llu' (dhileau nitrate' 7.(3 pi-r ecut. 
of the total world production, liasixl ou tlu' nitrt)^en ctinti'uf. 

The world production ca])iicit.y for synthc'tic, iiitrojjcc'ii :h7(H),tK>0 tons it year. 

"tte report of the British Siili>htito ol' ArntnomiiL !*'<*« l<’ni.tloii, Util.. 11)^5 > 30^ kindly 
available througb the TJ. S. I4ux*euu of Koroifcn uiul Ooln<'^itto Ckiinini'rot', 

jfrjf Other forma of syuthetio iiitroKoii nu'svn : iuxhy<lroiiH Himiumui., C'utinti ii, unni, 

sodium nitrate, and others. 


The Electuio Ann Piuiciehs, Ukincj Aiit 

The electric arc has been successfully applied to Uu* lixntion of Jitinos- 
pheric nitrogen; it was tiie fii’st method evolved which oerniittt'd tlu^ fixa- ' 


fotmd in "cninmical NitroK<m,'’ Report 114 , r^ .S, T.iri^ »«»»»».»». 

C^m’ J'nff ^39*^'44'^(ira25*'*’' artiola ih “World nitroKon tlovcl<i|iniciil.s in 1931,'' C^liuidn 'IVIor, 
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tion c)i fcsiu*h nilroj^on. 1 lie main clevcloi'>ments were tlie IBirlvclancl and. 
Kydo, in Nerway; the Schoenherr, in Germany, and the H. and A. Paul- 
ing* in Austria; in each of these developments, the shape of the arc dif- 
fers, and also the shape of the furnace. They agree, however, in tho 
natui'o of the I'eaetion, the union of atmospheric oxygen and nitrogen to 
form nitrogen oxide, NG, under the influence (chiefly thermal) of the arc; 
in all three, the reacted air, with 2 per cent NO, must be withdrawn from 
the reaction zone as raj^idly as possible, in order to prevent decomposition. 
This first oxide is oxidized lurtlicr and absorbed in water or in lime, to 
give nitric acid of inediuni concentration in the first case, or calcium 
nitrate, a fertilizer, in the second case. Since the advent of synthetic 
ammonia, these.' furnaces have lost their importance, and probably only 
one cd’ them is still operated, and even that is doubtful. One other reason 
for thc'ir failure is the high power requirement; 1 kilow’^att year was 
recpiired for the production of 600 kilos of nitric acid calculated as 100 
per cent. ITNO;^.- 

The tenii>erature of the flaming arc was estimated as 3200° C. 
(6000° F.). 


Tiik l)iRK<''r SvNTiinTic Ammoxia Pkockss, by Catalysis 

If nitrogen and hydrogen arc mixed and brought in contact with a 
substa,ncc such as sjx'cially prepared porous iron granules, at elevated 
temperature and under high prossxivCj they unite to form ammonia; 
No -h 3Ho — » 2NH:{ -h 24 Cal, Kven without the contact substances, the 
two oi’iginal gases form ammonia in minute amount; this is of extreme 
importance, for a catalyst can only hasten the reaction wdiich takes 
l)lacc. to slight extent without it. That an increase in pressure should 
favor the formation of ammonia is due to the fact that 4 volumes of the 
original gases are changed into 2 volumes of the final gasr^ The tem- 


'Taui.io 10. — I^crocutar/€' Arrbmonia at E quilihrizLrrv/^ 
Ihaio = 3. 


200 IT). 30 .'50 .GO 

300 2. IS 14.73 

3.’50 0.90 7.41 

400 0.44 3.8.‘5 

500 1-21 

600 0.49 

700 


* Compiled from publications of the 
Tjnr«f)n. 


50 

100 

300 

600 

1000 

74.38 

81.54 

89-94 

95.37 

98.29 

39.41 

52.04 

70.96 

84.21 

92.55 

25.23 

37.35 

59.12 

75.62 

87.46 

15.27 

25.12 

47.00 

65.20 

79.82 

5.56 

10.61 

26.44 

42.15 

57.47 

2.25 

4.52 

13.77 

23.10 

31.43 

1.05 

2.18 

7.28 

.... 

12.87 

Fixed 

Nitrogen Research Laboratory 

by Dr. 

Alfred T. 


peraturc must only be high enough to allow high activity : beyond a 
certain yalvic, an increase in the temperature retards the reaction by 


^ "The tixatit>n of atxriosplieric nitrogen,” Josepli Knox, New York, r>. Van Nostrand. Co., 
1914. Sf’it fiUo ruHt edition of the iire^ijnt book. - j 

® This is in confonnity with trlic principle of Le Chatclier, that “if an outside irrypulse is applied 
to any sysW in «"tdUb^fium. the system tends to rearrange itself to absorb that ^pidse ” In 
this case.^the gasess contract, in obedience to the pi'essuie applied, by changing, to a greater extent, 
to the loss voluminous ammonia. 
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^'Industrial compounds ami explosives,” (J. Martin and \W Harbour, 

Chapter 4, on the cyanainide industry, l^ondon, Crosby hoc*kwo{)d, 1917. 

'‘The world’s inorganic nitrogen industry,” K. A. lOrnst and IM . S. Sh<*i*uiau, lud. 
L'tig. Chorn., 19, 196 (1927), with valuable statistics. 

“Commercial oxidation of ammonia to iiitrie*. acid,” Cdiarh's b. Parsons, Ind. 
Lug, Chem., 11, 541 (1919), and “IS^itric acid from ainnxonia," by the' sanu* axithor, 
Ind. Lug. OKe7}%., 19, 7S9 (1927), both illustrattHl. 

“Pioneering chemical and fertilizer i>rotluction in Wc'st.ern C^inatla,” S. I>. Kirk- 
patrick, Ohem. Alct. Ltig., 38, 626 (1931). 

“Unexpected developments in 1932 nit.rogtai protliud ion,” Cdiaplin ''l\\'l(‘r, iduni. 
Met, Eng., 40, 36 (1933). 

“Catalysts for oxidation of ammonia to oxich's of nitrog<ai,” S. b. Ilandforlh and 
J. N. Tilley, In.d. Eng. Chc-m., 26, 1287 (1934). 

“Chemical Mitrogeri, a surve^y of proc*('ssc\s, txrganiza ( ion, an 1 ini (*rnal ional 
trade, stressing factors essential to larifT <*onsidta-ation,” Report 114, s(‘conil s(‘ri('s. 
United States Tari^ C om^yiission. (1937). This rcM>prt is rc'ally a l>o(>k^of 3(K) pagt's. 
(For sale by the Superintendent of Ootaimi'iits, Washington, 1>. C b. 25 ciaits.) 
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iavorinj^; the decomposition of ammonia. The amount of ammonia ex- 
pressed in percentage by volume, foi' different pressures and tempera- 
tures, in the presence of a catalyst, is shown 

1 hese vaiues arc obtained only if plenty of time is available, more 
time than can be alloAved in a commercial application. A moderate per- 
centage, l)iit one cpii(*kly reached, is best suited to a commercial develop- 
ment, anti the rapitlity dejicnds upon the nature of the catalyst. All of 
the ^ases do not react, but that is not necessary to render the reaction of 
^H)mmercial value; it the portion which has reacted is about 5 per cent, 
it can \yo. removed and the remaining gases used over again. There are 
several systcuns which depend upon this principle, the Haber in Ger- 
many, tlu‘ Cdaude in France, the Casalc in Italy, and the American in 
the ITnitc'd Staies.‘*= The Haber was the first to employ the direct syn- 
thetic mctluxl, and the others are indebted to it for the demonstration 
of the fcxLsihility of the iirocess on the commercial scale. The Claude, 
the CasaU', and the American (or Y. iST. H,. F.) systems are, however, 
independmit developments of the general principle common to all four. 
They differ from the Haber and from each other in the pressure em- 
ploy etl, in the mcdhod of removing the ammonia formed, and in the 
jircdimiiuiry manufacture and purification of the raw gases. Additional 
processes with characteristic features are the Fauser, and Mont Cenis. 

Tlie American system is the contribution of tlie Fixed ISTitrogen 
Reseuiadi haboratory, Oepartment of Agriculture, Washington, D. C. 
Tlie details of this system have been made public without reservation, 
including the method of pre]:)aring the catalyzer; it will therefore be 
prc\sented first. 

The American System. The method for the preparation of a mix- 
ture of 3 volumes of hydrogen and 1 volume of nitrogen differs with 
the size of the plant as well as with the system operated. In a small- 
sc-ale installation, for experimental purposes, a simple way is to burn 
hydrogen from tdectrolytic cells which decompose water, in an excess of 
air. The oxygen of the air is fixed as water and this is removed by a 
(‘old water condenser; the gas passing out of the condenser will consist 
of liydrogen excess, mixed with nitrogen. For full-scale installations, 
a mixed wiitvv gas, producer gas, and steam is passed over suitable 
cuitalysts; the carbon monoxide reacts with steam to form carbon di- 


•* '^riu^ Tiiost important direct synthetic ammonia plants in the United States* with their 
<*.ui)tunty (January, 1934), in tons of 2,000 poimds of nitrogen are: 

Process Hydrogen from Capacity 


Solvay Process Co., Hopewell, 
Va. 

l>u l*ont &. Co., Hclle, W. Va. 
Shell Chemical Co., Pittsburg, 
Calif. 

Mathieson Alkali Co., Niagara 


If'alls . „ ^ 

M^icllancl Ammonia Co., Midland, 


Pennsylvania Salt Co., Wyan- 
dotte, Midi. 

T>u Pont Co., RfScir, Niagara 
Falla 


Own 

Claude & Casale 
Mont Cenis 

Nitrogen, Engi- 
neering Corporation 
Ainerican 

Mont Cenis 

American 


* 17, S, Tariff Oommission Xteport 114, (1937). 


Water gas 

Water gas 
Natural gas 

Electrolytic by- 
product 

Electrolytic by- 
product 

Electrolytic by- 
product 

Electrolytic by- 
product 


200,000 

100.000 

24.000 

4.800 

4.800 

4.000 

3.000 
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oxide and hydrogen. The carbon dioxide is serubhtul out as dt^scadbed 
more fully under the Haber process. Hydrogen from any sourei" K'hap- 
tcr 19) and nitrogen from the liciuefaction of air may \)v mixtai in tiu‘ 
proper i^roi^ortions and used. 

The Purifier. The several stc|'>s in the Anua'iean systcmi arc‘ illus- 
trated in the accompanying flow shoot (Fig. 37). TIu' liytlrogon was 
obtained in this case from electrolytic cclls^ bc'cause of lhc*ir <a)mj)a.cl iic'ss 
and ease of operation. A blower fecnls the hy<h*<>g<^ai to tlu* bui-iua*; a 
cold water condenser liquefies tlic water formcal and a traj) ri‘UU)V(\s it,. 
A compressor (^-stage) delivers it at a ]n*essur(‘ of 300 at nH)splH‘n\‘^ to 
the imrifier, which is really a low-eiTic*iency convent m*. (Sfr 3S. ) 



PicscuE 3S. — I-Iypc'r com I )ro.-’H<irs for dirc?ct luiimonia Hyiitht'sis, Hctlt^ works, 
Charleston, W, Va. Idich rlelivers comprossed nitroi 2 :cn t)ltts hy<irc>K<‘n Ran 
at the xn'ossiiro of 7V tons per .scpia-re ((k)UT*t.rsy of IC, I, dii bout 

de IsToinoiirs <fe Co., ICne., Ainnioiiia J)(»i)arUnent., WilmiuRlon, Del.). 

A small amount of ammonia is formed, condensed to tlu* liciuul slate in 
the cold water condenser immediately following it, ddiis eoiidtaiscal 
ammonia retains all impurities which the contact, subst anc^e it set f doc^s 
not fix, so that the gas issuing fre*)!!! the condemsen" and S(q)arat(>r is erf 
the required purit 3 ^ This gas is now fed to the high-eflicncmcy <5oiivcntc^r, 
where the main conversion takes place; its contact material is main- 
tained at a temperatme of 475^^ C. (887" F.). 

The Catalyst. The heart of the process is the <‘()nv(‘rter, and the 
essential part of the latter is the contact substance. For the American 
system, exact knowledge of its nature is available.^ The higli-eflicieney 


® XJ, S. Patent 1,489,497 to Alfred T. I-iii.r«on, 
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catalyzer consists of iron oxide grannies containing the “combined 
promoters’’, i:)otassinm and aluminum oxides; the proportions arc ap- 
jiroximatcdy 1 per cent potassium oxide and 3 per cent aluminum oxide, 
based on the weight of iron oxide. The preparation of the catalyst is 
as follows;^’ Iron oxide, which may be prepared by burning pure iron 
in oxygen, is fused in an electric furnace; to prevent contamination, the 
hearth of the furnace is made of natural magnetite; the combined pro- 
moters arc added to the fused mass, in the proportion given above. 
Alter the furnace has cooled, the oxide catalyst is removed, crushed, 
and sieved to give granules of uniform size. These are placed in the 
converter; the first portions of hydrogen gas in the regular mixture of 
nitrogen and h\"drogcn reduce the iron oxide to the metal; during this 
reduction, tlic granules probably become porous, which means the de- 
velopment of considerable surface. The exj:)lanation of the beneficent 
effect of the promoters is that they prevent sintering, hence preserve 
the porosity. 

The life of the catalyst is about 100 days, after which it must be 
replaced; raising the temperature to 500° C. (932° F.) shortens the life 
of the catalyst mass very much. 

The Com)erter. The converter for a 3-ton plant is an upright 
cylinder of chrome-vanadium steel 21 inches in diameter widening to 
24 inches near the top which carries the removable head; the height of 
the cylinder is 7 feet. It is made of a single forging excci")t for the head 
whicli is held in place by nickel-steel bolts. The walls are 3 inches 
thick. For greater caimcitics, the dimensions arc correspondingly larger 
{see under Claude process). The compressed gas enters the converter 
at the base and leaves at the top. The converter contains not only the con- 
tact substance l)ut also the heat intcrcliangcr. In the reaction, 

H- Srio — > 2 ]SrH; 4 , heat is evolved; as much as xiossiblc of that heat is 
transferred to the incoming cold gases, so that the temx^erature at which 
tlie reaction is to take place may be attained without expenditure of fuel. 
Tins is not quite realized, and some supiilementary heat must be supiDlied 
by means of a coil of resistance wire electrically heated and placed at 
tlic base of the interchanger, heating the gas as it enters the contact mass. 

The interchanger is placed in the center of the converter, running 
through the whole height; around it is the contact mass, distributed in 
three concentric cliambcrs of unequal sizes. A first narrow chamber 
surrounds the interchanger; a second somewdiat wider chamber surrounds 
the first; the third similar chamber is the widest. The new gases first 
j)ass through the interchangers, to be heated. On leaving the central 
interchanger, the gas passes up the first chamber, down the second, and up 
the third, then down one coil of the interchanger and up the other to the 
outlet in the head of the converter. These various passages and the con- 
struction are shown in Figure 39. Each coil of the heat interchanger is 
double; through the central coil the cold gas flows; through the outer 

" TJ- a. T*a<ont 1,551,008: or Ind. JEJnff. Chcm.j 17, 971 C19251. 
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one tlie liot gns ; no eonimiinication between tlie t wo ^at>eis is possiblt'. ^Flie 
several contact chambers are formed by steel tubes. 

The third chamber leaves a narrow passaj^e betwe<'n itself an<l the 
onter wall of the converter shell. It is through this si>n(‘e that tlie cold 
gas which has entered at the bottom, streams on its way to the <'hannols 
leading to the inner coil of the intcrchangcr ; this in(a>ining cohl ga,s keeps 
the shell relatively cool and therefore better t\h\o to rt^-^ist stresses. 



FitiiaiK — C%^i\vc'rt('r for Iht' Anicricjin sys- 
<('111 for ainnionia.. -1, s|>a(^o for <}u' f.wo 
<loxiblc-wallo<l (‘.oils of l h<' lu'at (‘Xchani^oJ* ; 
1, first cont.a.<’:t chainbt'r in ivliich Ihr 
travels upward; 2, s('<*<>nd chandx'r, wilh 
downward (ravel; third chanih<*r with 

upward travel. P, Pyrex ( iluss r(‘il<‘e1or. 


hrom the converter the gas enters tlie first condenser, water-c^oolod, 
where a part of the ammonia is liquefied. It tlien enters einailaling 
pump, lubricated by the liquefied ammouia in the gas. In the main 
condenser which follows, the cooling is by expanding amnioiiia, ami here 
all the ammonia in the gas is liquefied. It is collected in receivers and 
pumped out of these by a liquor line. The receivers act at the same 
time as separators, the uncondensed gas passing out through a line 
which brings it to the convertor entry. Mixed with fresh gas from the 
compressor it undergoes partial conversion anew. 
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There is contraction from 4 volumes to 2 volumes for the portion 
of the g;as which has reacted; in the American process this portion is 30 
per cent. 

If there is a loss of 10 per cent of the gas volume through leaks 
and througli tlic loss of unconverted gases when purging the system 
of argon, there are required 100,000 cubic feet of the gas mixture (3112 
and 1 ^ 2 ) measured at 20"^ C. (68° F.) and atmospheric pressure for each 
ton of ammonia manufactured. In a plant producing 10 tons per day, 
which would still be a plant of moderate size, ten times that volume 
would have to be handled. 

The product is obtained in the form of anhydrous ammonia of high 
purity ; it is therefore ready for use in refrigerating plants using ammonia 
as working medium. In former days a special process was required to 
change tlic aqua ammonia made from the gas works liquor into the 
a.nhydrous liquid ammonia in steel cylinders. At one time, it was diffi- 
cult to sell the ammonia from gas liquor for 30 cents a pound, anhydrous, 
and make a i^rofit; now anhydrous ammonia is quoted at 5 cents (in 
tank cars) . The market for such anhydrous ammonia is limited, and 
it is therefore invading the fertilizer market in the form of sulfate of 
ammonia. A tremendous market is opened now that the ammonia is 
oxidized to nitric acid from which calcium nitrate and sodium nitrate 
are made, decreasing still further the importance of the Chilean deposits. 
In the near future, it is likely that all the nitric acid of commerce will 
be made in tliis way, and no longer from Chile salpetre. The oxidation 
of ammonia to nitric acid is described at the end of this chapter. 

The Haber Process. The catalyst in this system is promoted iron; 
the pressure is 200 atmospheres, and tlie temperature 550° C. (1022° F.) . 
The conversion is comparatively low, about 8 cent. The process is 

a complete success, nevertheless. The same company which developed 
the contact process for sulfuric acid, the Badische Anilin und Soda 
Fabrik, is also the company which fathered the Haber process; it is now 
(1937) part of the Interesse Gemeinschaft Farbenindustrie (I. G.) , a 
huge combination of German chemical plants, with an installed capacity 
of over one million metric tons of nitrogen per year. 

While the catalytic conversion is credited to Dr. Haber, the impor- 
tant ]:»roblcm of jiroviding the raw gases cheaply and in the huge volumes 
required was solved by Dr. C. Bosch. Water gas,'^ made by blowing 
steam over glowing coal or coke, and consisting essentially of equal 
volumes of hydrogen and carbon monoxide, is mixed with producer 
gas'^; the latter consists essentially of nitrogen, two parts, arid carbon 
monoxide, one part. The mixed gases are mixed still further with steam, 
and this new mixture is sent through a hot catalyst which causes the 
water to react with the carbon monoxide to form hydrogen and carbon 
dioxide; the nitrogen remains unaffected (see Fig. 40). The catalyst 
used in this case is iron oxide containing small amounts of chroimum 
and cerium. The irroper volumes are chosen to give at this stage hydro- 


Chapter 15. 



Figure 40. — -Catalytic conversion of carbon monoxide to (,he <lIoxide by iutur- 
action with steam in the jiroduction. of hydroKtin for th(» ainttionia syn- 
thesis, at the Leuna works of the I. G. Each unit consistH of a pr«‘-heab(r, 
lower section, and the reaction chamber abovt^ it. (Ilonrke- White 
Photo, from Pictures, Inc., Chrysler Buildinfi, New York.) 
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gen nnci nitrogen in the ratio by volume of three to one; but there is 
i:)rescnt the unclesiriible carbon dioxide and some carbon monoxide which 
lias escaped the action of the steam. In order to remove carbon dioxide, 
the gases arc luit under pressure (50 atmospheres) and scrubbed with 
water, which at such pressures dissolves carbon dioxide readily; some 
remains, and is scrubbed out with a solution of caustic soda. The car- 
bon monoxide is removed by scrubbing in ammoniacal copper formate 
while under the 200 atmospheres pressure which is the wmrking pressure 
for the catalytic conversion. The cost of the gas mixture by this method 
is low, so that in the absence of hydrogen as a by-product it will prob- 
ably be generally adopted. 


11 . — Scnirccs for Hydrogen for the RrodiicLiom of Ammonia (World) 

Souro.ti 1926-27 1933-34 

Watnr gu.s S9.0% 57.0% 

Coke oven gas 3.0 25.0 

Klectrolvsiis, water G.4 16.0 

l.G 2.0 

* Report 114, IJ. S. Tariff Commission, C1937), p. 41. 

** “Other’' nieiins oloo.trolyais of brine, fermentation, natural gas. 

The converter is similar in principle to the one described under the 
American system. The proportion of the ammonia in the gas issuing 
from the converter is so low that mere cooling does not liquefy it suffi- 
(dently, and it must be removed by solution in water. The unconverted 
gases are freed from moisture and circulated through the . converter 
with fresh gas, for further conversion. The ammonia water wdiich is 
the ]irimary iiroduct may be made to give up its ammonia gas very 
simply by mciins of continuously ojicrating stills, or in stripping towers, 
(lescribecl in cliapter one, juirt one. 

The Mont Cenis Process.^ Similar to the Haber, and of more 
I’ccent development, is the Mont Cenis direct ammonia process. Use 
is made of a liighly active catalyst (an iron-cyanide complex) , which is 
effective at the comi)arativcly low pressure of 100 atmospheres, and 
at the temperature of 400° C. (752° F.) . The ammonia formed is obtained 
in liquid form at once. 

The Claude System. The Claude system is distinguished by the 
high pressure used, higlier than either the American (in the original 
form) or the Haber, namely, 900 atmospheres. The source of its hydro- 
gen is coke oven gas. There is present in coke oven gas not far fnom 
50 per cent hydrogen; removing it causes an increase in the Btu. value 
of tliQ residual gas."“ 

The hydrogen is separated from the other constituents by refrigera- 
tion. At the temperature of liquid air ( — 180° C. or — 292° F.), only 
hydrogen remains a gas ; it contains some methane and carbon mon- 
oxide which escaped liquefaction. The nitrogen is obtained from liquid 

« XJ. S. Pfttent 1,202,995. 

® JVor. Iritorn, Oortf. JSituminous Coal, 2nd Conf., Pittsburgh., Pa., 2, 202 (1928). 
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air;^^ it is mixed with the impure hydrogen, the two are eoinprt\ssed 
to 900 atmospheres in an eight-stage compressor, and i)assed through 
a purifier, containing a catalyst which changes the c‘.arhon nionoxidi^j at 
the expense of some hydrogen, to methane and watiu'. ^Vhe. watcu* is 
removed, but not the methane, for it is harmless to the* aniinoiiia 
catalyst. The hydrogen-nitrogen mixture with its nudiiane <‘ont(Mit 
enters a series of converters, four in number; in eac‘.h sonu‘ anuiioiiia is 
formed, and is removed by cooling before the gas entc‘rs (*oii- 

verter. Issuing from the last converter, the unconvei‘tc‘< 1 gas (‘ontains 
10 per cent of methane; all this gas is returned to the original hydrogen 
separator which produced the first slightly impure hydrogen. Kroin 
this separator the methane mixed with carbon monoxi<Ie is renu)V(‘d in 
the liquid state, and after gasification is biirncHl under boiUu-s. ''riu> 
jiortion of the gas mixture (H 2 and IST^) couv(u*t(^d in the four con\'<‘r( t'rs 
is 80 to 85 per cent. There is no recirculation of i.lie. gas as in the 
American system. 

In order to withstand the high pressure ti(‘(‘oinpani(‘d by the. high 
temperature, which varies between 500^ and 650'^ C'. (932 ' and 1202 ' I\), 
a special alloy is used: for example, GO per <umt niekid, 25 per cent 
chromium, 0.6 per cent carbon, the rest iron; or nicked (>0.4; p(-r ecuit, 
chromium 8.7 per cent, tungsten 2.5 per cent, carbon 0.4 per (*ent, and 
iron 25 per cent. The high temperature means that tin* catalyst los(‘s 
its activity rapidly; the active mass must be rcphu*.c<l e\'ery 10 (,)r 12 days. 
The change is made in 5 hours, thanks to the simpler (‘.onstrucd.ion of tlu‘ 
converter. 

As advantages possessed by the Claude procu^ss might Ix^ listc‘<i: tlu^ 
handling of more material in a given reaction sj)a(‘e eom[>ar(xl with 
i:»rocesses using lower i:)rcssurcs; a high spa(‘-e.-tinic^-y itdd, niad(‘ j)ossihl(‘ 
by the high temperature which favors rapidity of rc‘a<ddon (ncc Table 
12) ; the fact that as the activity in the first con vcadcM* drops sonu^whal, 
the second converter functions to a correspondingly higiu^r so 

that the over-all activity does not fall off. 

With converters 27.5 inches in diameter, 11.5 hud. high, 30 tons are 
made per day (900 pounds iiressurc) ; with convcudtu' (.uhes 39.37 indues 
outside diameters, and 13.5 feet high, 50 to 100 tons may h<^ produccxl. 
These sizes may be compared to Haber converters, 20 feet, high, 4 feed, 
outside diameter with 7-inch walls. 

The Casale System. The original developmcmt xindcu' this system 
required a pressure of 750 atmosiiheres, and this has been raised still 
further of late. One converter is used,^^ and the gaa is rtunixuilated fre- 
quently. An important advantage of working at such high pressures is 
that water cooling is sufficient to remove the ammonia fornuxl; another, 
perhaps more important, is the high conversion obtained, 40 per cent in 

10 Chapter 19- 

TJ. S. Patents 1,408,987 and 1,447,123, both with drawiiiKH slmwiiiK 4 >f tli*^ cem- 

verter. 
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a single |)assag:c tliroxigh the converter. Except for the high pressure, 
this system resembles most the American system. 

In 1934, there were 24 Casale plants in operation, of which 10 were 
in France. Of the 24, 9 were run on hydrogen from coke-oven gas, 10 
on electrolytic hydrogen, 3 on water gas hydrogen. 

The Fauser Process.^^ This process makes use of the oxidation 
of a i:>ortion of its ammonia in order to furnish its nitrogen for the direct 
ammonia synthesis. Ton per cent of the ammonia manufactured is 
mixed with air and passed to a platinum gauze converter. The oxides 
of nitrogen are scrubbed out and the residual gas saved. It consists 
mainly of nitrogen, but with a small amount of ox^’gen. It is mixed 
with hydrogen and passed over platinized asbestos, so that all the 
oxygen is changed to water. This latter is removed by cooling, and the 
purified gas is now pure nitrogen and hydrogen. 

Table 12 below permits a comparison at a glance of the various sys- 
tems for the direct synthesis of ammonia from the elements: 


Table 12. — Comparison of Synthetic Ammonia Processes. 


Pressure 

atm. 


AiiioricMn 300 

ITjibor 200 

C^liuido 900 

C^Msalo 750 

Mt)nt. Conis 100 


lieported 

Hop or ted 

Ilecircula - 

tempera- 

conversion 

tion of un- 

ture 

maximum 

changed 

° C 

Per cent 

gases 

475 

30 

yes 

550 

8 

yes 

600 

40 

no 

475 

40 

yes 

400 

40 

yes 


Catalyst 

Iron granules, ^'promoted” 
Iron granules, “promoted” 
Iron granules, “promoted” 
Iron granules, “promoted” 
Iron-eyanide complex 


The world installed capacity for direct synthetic ammonia production 
is distributed among the several processes as follows (1934) : ITaber-Bosch 
35.2, Casale 14.9, Fauser 11.0, Claude 9.4, Imperial Chemical Industries 
8.5, Mt. Ckmis 8.0, hi. E. Corp- b-o, Gen. Chem. Co. 6.2, American . 2 .i 2 a 
The preliminary work included a study of the content of ammonia 
in a mixture of hydrogen and nitrogen in contact with a catalyzer, at 
equilibrium. I3ut it must be remembered that in practice the figure for 
ammonia, foi*mation attainable at equilibrium is not reached, because 
the gases arc not allowed enough time to contact with the catalyzer; 
the conversion must take place rapidly, for the gases stream by at a 
rapid rate. 

In ordei* to make comparisons between runs at different pressures 
and rapidity of flow, the concept of space velocity is used. Space 
velocity is the number of liters of exit gas, corrected to 0° C. (32° F.) 
and fitmosphcric pressure, which pass over 1 liter of catalyst space per 
hour. The apace velocity for the direct ammonia processes is 40,000 
on an average^ with variations at the several plants. 

Space-time-yield is another useful value; it is the yield of ammonia 

per liter of catalyst per second. , . 

It should be remembered also that as the pressure is increased, the 

A flow-slieet for the Fauser ammonia system will be found in Chem. Met. Eng.t 38, 628 (1931). 

(From Xteport 114, U. 8. Tariff C ommiasion.'y 
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volume of the reacting; ^a.sos becomes smaller, so that ;i (*omi)arat ively 
small catalyst bomb will handle a considerable vtd\nne ot tree p;as. (Nrc 
problems at the end of the chapter.) 

A number of further statements rcjziardine; catalysis will Ix' found in 
Chapter 25. 



PiGURE 41. — Nitrog^on indiiairy in'ocosH-i)rodiict rcdal-ioriH]iii)s, I reprodu<*<‘(l 
from report 114, IT. S. Tariff Commission, 1937 1. 


Shipments. Tiquid anhydrous ammonia ivS transixn'ted in steel tan 
of various sizes, the standard capacity being 50,000 pounds in a single 
unit. It is also shipped in steel cylinders containing 25, 50, 100, and 16t 
pounds of ammonia. 
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C7.s‘es‘. I he main iise lor ammonia is for fertilizer manufacture in 
the lorm ol ammonium siillate mainly, or as ammonium nitrate, phos- 
phate, or as urea. It serves as raw material for manufacturing nitric 
acid, which transformed into sodium or calcium nitrate also become 
largely fertilizers. 

Ammonia serves the many uses to which an. alkali may be put. An- 
hydrous ammonia is the most important refrigerating agent, because 
ol its low cost and high thermodynamic efficiency. Ammonia is coming 
into use as a water purification agent, and as nitriding agent for steel. 
It is an important material in synthetic organic manufactures, such as 
synthetic urea. 

A rather novel use for ammonia is as a source of hydrogen, by pass- 
ing anhydrous ammonia gas at atmospheric pressure over a catalyst 
heated to about 600° C. (1112'^ F.), such as an incandescent iSTichrome 
wire coil. The great advantage lies in the fact that a 100-pound 
ammonia cylinder, easily transported, yields 3400 cubic feet of hydro- 
gen (mixed with 25 per cent nitrogen) 

The Cyanamide Process. In the cyanamidc process, ground cal- 
cium carbide is placed in iron drums holding each a charae of 4000 
pounds, and fitted with a pipe connection so that nitrogen mav be fed 
in. The center of the charge is heated by means of an electrically heated 
carbon rod and the nitrogen turned on; it is absorbed bv the hot car- 
l)ide, and the reaction evolves so much heat that the carbon rod may 
bc' removed after a few minutes; the heat of reaction is siiffioient to keep 
the mass at the reaction temi^erature. The reaction CaCo -h ^2 = 
CaCjSTo -h C takes i)lacc and continues until after 40 to 60 hours all the 
carbide is transt'orniod in(:o crude calcium cyanamide. A solid mass 
results which aflta- cooling is crushed, powdered, and sprayed with water 
to destroy any unchanged carbide, then with oil to diminish its dusti- 
ness. The black powder resulting from the operation contains 60 per 
ccnit CvaC'/TSTi. and is used as ingredient in mixed fertilizers without further 
ti’catment . 

In a round-about way, nitric acid may be produced from cyanamide, 
by first making ammonia. The cyanamide is i:>laced in autoclaves 21 
feet liigh and 6 feet in diameter and treated with steam^'"* ; the generated 
ammonia may later be oxidized by the hot platinum grid contact method, 
and the nitric oxide absorbed in water. The ammonia itself may be 
used in various ways, for instance, to make anhydrous ammonia for 
refrigciration, sulfate or phosphate of ammonia for fertilizers, and nitrate 
of ammonia for explosives. The reaction in the autoclave is CaCNz + 
3ITo() 2NH:, 4- CaCO:,. 

•13 "Aiiimoiliit siH a of hydroRon and nitrogon,” J. F. T. Berliner and O. W. Burke. Trana. 

Am. Inat. Ctu'in. ICntj., 25, 42 (1030). 

Chapter 17. 

A oojni)U»U* cliagrajii of a i;>lant foi' generating XITg from calcium cyanamide will be found 
facing 1 ). 394, in *"rhe atiuosi)heric nitrog€>in industry,” Bruno Waeser, trans. by E. Eyleman, 

Philadcdplua, P, Blukiston’s Sons & Co., 1926. 
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The nitrogen fed into the carbide charge is made by liquefying air 
and boiling off the nitrogen in fractionating coliniins.^** 

Until the advent of the direct synthetic ammonia process, the c.yaua- 
mide process held a place of importance in the field of fixation of 
atmospheric nitrogen; at the present time, it seems more likely that it 
will retain its importance as a process fixing atmospheric nitrogcai in the 
form of the fertilizer ingredient calcium cyaiiainide, but iu)t as a pro- 
ducer of ammonia and ammonium salts. 

By fusion with salt, carbon, and a little carbide, calcium t'.yananfule 
may be transformed to sodium cyanide, which in solution is valuable for 
the extraction of gold and silver from their ores. (aScc a/.so Cvlia[>l(^r 18.) 

Calcium cyanamide is also the starting material for a number of 
organic substances such as guanidine, urea, dicyandiamide, whi(‘h have 
become of great importance. 

The installed capacity for calcium cyanamide in TSIiagara Falls, Ontario, 
Canada, was (1934) 80,000 tons of nitrogen per yc^ar, which is 14.5 pcu' cent 
of the world total cyanamide capacity; Germai\y has 3(>,7 p(‘r (‘ent, Japan, 
12.9 per cent of it. 

The Bucher Process. Soda ash mixed with iron and (carbon may be 
heated in a current of nitrogen, to i.^roducc sodiiun (‘.yani<U‘, and a feu'ro- 
cyanide.^'^ The process at the i>resent time is usc'jd in only oiu*: plant, in 
California. 

The Serpek Process. Certain metals at elevated tcaupcaaitAirc^ unite 
readily with nitrogen while heated, to form nitrides which in a subse- 
quent treatment with steam give up all their nitrogen in tlu^. form of 
ammonia. The best known of these processes is the Ser[)i‘k, (Ui\a4o[)e(l 
on a fair scale in Trance. It consists of passing a mixtuia'i of crude 
alumina (bauxite) and coal through a rotary furiiact^ oiu^ way, wiiile 
nitrogen (producer gas) passes the other way. Th(^ furna(‘t^. is h('at(Hl 
externally by electrical means to a temperature of 1800'^ C. (3272'^ K.). 
The operation is contiiuious: 

A]:.0:, H- 3C Na == 2A11N' -I- 3C(). 

On treatment with dilute alkali, ammonia is formed and a,t tin*, same 
time a very pure alumina AllST + SHuO = Al(OH);i 4- Nir.i. if the de- 
mand for the by-product were greater, this process would umloubtiully 
find more general ax>plication.'*‘^ 

Nrmic Acid fkom Ammontia 

A considerable portion of the ammonia x>roducod by the direct syn- 
thetic process is changed tq nitric acid by catalytic oxidation. This 
is now done in the United States in x^liJ'n.ts with cax^acity of 300 tons 

Chapter 19. 

17 “Tlie fixation of nitrogen/' John E. Huclier, Trana. Am.. Irmt, Oham. ICtiff., 9f 335 C 13101* 
For a recent study of this process, see Ind. JSng. CH&m., 18» 43 (1026). 

“ **The fixation of nitrogen as aluminum nitride," H. J. ICrase, J. G, ThompiiW)n, aiul J, Y. Yee, 
Jnd. Ena. Chem., 18« 1287 (1926), contains all the older references. 
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of acid per day, and it is expected that there soon will be many more, 
the nitric acid made in this way will fill all the needs formerly supplied 
by nitric acid from Chile salpetre. The expected exhaustion of the 
Chilean nitrate deposits is no longer a matter of concern. Since 1925, 
Germany is absolutely independent of Chile salpetre, supplying her own 
needs from atmospheric nitrogen processes, with supplies left over for 
exi:>ort. The French government plant at Toulouse has a capacity for 
80,000 metric tons of sodium nitrate a year, in addition to a large pro- 
duction of ammonium sulfate and other fertilizer materials. The most 
striking development, however, for the American chemist is this: Dur- 
ing 1932, 27 foreign ships loaded cargoes of synthetic sodium nitrate, at 
Hopewell, Va., taking them to China, Japan, Great Britain, France and 
Spain. 

Oxidation of ammonia by air with subsequent absorption of the 
nitrous gases in water is performed at ordinary pressure, or under a 
pressure of 100 pounds. Each has certain advantages. In either case, 
the principle of the method is that ammonia gas and air mixed (11 per 
cent ISTHs) , passed through a fine wire gauze of activated platinum 
raised to glowing heat, combine to form nitric oxide (NO) and water. 
The first reaction is 4NH3 -h 5O2 = 4NO -h 6H2O. It takes place at a 
rapid rate, with a 95 per cent conversion, or better; the time of contact 
is 0.0014 second. The wire is of the fineness of silk. Activation is done 
by passing a mixture richer in ammonia through the gauze while it is 
electrically heated. The preliminary activation may be left out, and 
the gauzes allowed to activate themselves during the first few hours of 
the run. In the Jones-Parsons converter, the cylinder is 9 inches in 
diameter and 13 inches on the side; it is suspended so that its long axis 
is vortical, and its lower opening is closed by a silica piece. Tlie gas 
mixture enters from above and streams downward through the screen. 
The wire is 0.003 inch in diameter, while the gauze has 80 meshes to the 
inch. The preheated gases react and gradually raise the temperature 
of the gauze to 1025^ C. (1876° F.) , for the reaction is exothermic. 
The walls at red lieat send back heat by radiation to the gauzes, help- 
ing the maintenance of the temperature. The capacity of this converter 
is 2.V tons of 100 per cent HNOa per day, wdth a conversion of 96 per 
cent. 

The latest design has an aluminum mixing chamber, in order to avoid 
pre-ignition (see Fig. 42). Other designs have a flat horizontal gauze. 

The oxidized gases leaving the converter pass through heat ex- 
changers, cooling pipes of chrome steel, and reach the absorption towers 
fed with 'water and weak acid, on the counter- current principle. Here, 
or in some other specially provided sj^ace, the oxidation of the nitric 
oxide to the dioxide takes place, 2 ISrO + O2 = 2NO2. This is a slow reac- 
tion; cooling the gases favors it. In the absorption towers, the reaction 
+ H2O = 2HNO3 NO takes place. The NO formed is oxidized 

Ind Bug. C/wrm., 19, 789 (1927). 
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to NOo again, in the towers, and is gradually all absorbed. The nitric 
acid from tlie absorption tower is 50 per cent HNC);^. 

Low Pressure System. All the foregoing remarks apply to ihc low 
l')ressure system, which operates at atmospheric prc'ssnre. Its main 
advantage is that the absorption system may be built of slonc^wtire, 
masonry, or granite, instead of chrome iron, so that the installation cost is 
less per iiound of nitric acid prodneed; the installation <a)st for c‘iiroine 
iron pressure system may, however, be no more. In t.h(‘ low pr<^ssure 
system, the general operation is simpler. 



PicaTiiH 42. — 

oxidat,it)ii (hjii vc‘rt(‘r. iii i x i u g 

chiinibc'r, of a,hnn.imun ; li, jjjiinze 
holder, of iiit'kcd ; f phit immi 
i*: ii ii ze ; />, s(.>lid !sili<-:i plat.<'. 

(Skotedu'd lliroii^h c‘Oiirl,(‘sy of 
Oht'iiiical Ck)iist.riu*t ion C k>v'(>ii., 
Nc^w York.) 


High Pressure System. The high pressures systtnu is opcuaited at 
various pressures; as an example, 100 pounds may b<^ takmi,^** The 
absorption system must in this case be of chromc-iron alloy in ordca' to 
withstand the jiressure, but a number of advantages are to l)e The 

capacity of the apparatus is high. A plant pro<lu<nng 25 tons of acid 
(as 100 per cent HNO 3 ) per day consists of one converter dediveadug 
finally into a plate tower 5:1> feet in diameter and 40 feet high.^- For the 
same production, the atmospheric plant requires four burners and 10 
towers. The plate tower is cooled at every shelf (witli well water) , for 
not only increased pressure but also low temi:>erature favor capacity and 
strength of acid. In the high i>ressure plant, 61 per cent HN():i is pro- 

sojnd. JSriff. Chem., 23, 800 (1931). 

17% oliromium, leaa than 0.15% C 

saA diagrammatic flow -sheet of a presBuro plant will be found in refenenee 2®. 
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diieccl, while the atmospheric system furnishes 50 per cent acid. The 
conversion is 93 per cent. 

Some of the finer points must be mentioned. During the conversion, 
there is a loss of platinum, amounting to 5 per cent per month for low 
pressure operation. When the reaction temperature is raised, Avhich 
leads to higher conversion efficiency, the loss is increased. With plati- 
num - 10 per cent rhodium, the loss is halved. The loss per pound of 
ammonia burned is not affected by pressure. 

To obtain high conversions, the ammonia must be freed by distilla- 
tion, with filtration of the gas, from the very minute amount of oil it 
contains ; the air must be filtered.-'^ 

For many purposes, 50 per cent or 60 per cent HlSTOa is satisfactory 
as to strength ; for nitrations of all kinds, it must be stronger. This 
necessitates an additional operation. 

Concentrated Synthetic Nitric Acid. The 50 or 60 per cent HNO 3 
is concentrated to 98 or 95 per cent by adding 66 "^ Be. sulfuric acid, and 
distilling from a retort; the nitric acid passes out, while the water is 
retained by the sulfuric acid, which becomes 75 per cent acid. This is 
concentrated in one of the standard sulfuric acid concentrators. In- 
stead of a retort, a Pauling tower may be used, fed with the mixed acid 
at the top, and steam at the bottom. Another apparatus is the con- 
tinuous retort system, ^^Chemico”, consisting of a series of steam- 
jacketed, acid-x:)roof iron pipes. (Read also ^^Salt Cake^^ in Chapter 3, and 
‘'Nitric Acid’’ in Chapter 2.) 

Synthetic sodium nitrate: The nitric acid from ammonia oxidation 
may be neutralized with soda ash, to give synthetic sodium nitrate. 
Caustic residues and comparatively weak lots of acid may be utilized 
in this way.“‘^*^ 

Sodium jvitrite is made by absorbing nitrogen oxide in soda ash 
solution; the method is to mix mother liquor with soda ash solution and 
treating with the gas. The nitrate-nitrite is crystallized out.-^^ By 
regulating the air ratio a composition close to the theoretical N 2 O 3 ma^^ be 
obtained and comparatively pure nitrite obtained. It is purified by 
crystallization. 

An older method for making sodium nitrite is given in Chapter 31. 

Fauser Process for Concentrated Nitric Acid from Ammonia in 
a Single Step. It is highly desirable to find a way to manufacture 
the strong acid directly from the gases issuing from the converter, avoid- 
ing the concentration by means of sulfuric acid. This is accomplished 
in the Fauser process. The reacted gases leaving the converter are 
cooled rapi<Uy, in order to condense and trap away the water of reac- 

23 IT. s. Patent 1,706,055. _ 

2 * noactioTiH prodijcinpr olernental nitroRen prevent perfect conversions; such as dlSTHs + 30a — 2 N 2 
4- 6 HaO, 41^118 6 NO — SNa 4- eHaO ; 2 NH 3 5=± Na 4- SHo, 2NO 5 =± No 4- Oo. 

For sodium nitrate hard pellets, see chapter 8 . 

3 , Patent 2,032,699; the proportion of NO 2 and NO formed from the NO and O 2 and Na 
mixture leavinR the platinum converter depends upon the rapidity of cooling. 

26 Chem. Met, JSng., 39, 430 (1932), with a diagrammatic flow-sheet. 
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ticm. The nitric oxide (INTO) first formed remains, for tlu^ p;rea.ter pa.rt, 
nnoxidized under these conditions. It passes to an t)xidation tower, 
where ISTOs and form, then to a cooling; tower operated at — 10'^ (h 

(14*^ F.) and 10 atmospheres; in addition to the g 2 !;ases, the i)roper amount 
of dilute nitric acid is introduced at the top of tlie tower, Tlierc passes 
out at the bottom a mixture of liquefied 1^204 and dilute a^oicl, which is 
pumped into an autoclave. After the charge is in, Iht' i.eiupc'rature is 
raised to 70° C. (158° F.); and oxygen, under a of 50 atmos- 

pheres, is introduced. In 4 hours, the following reaction, 2No()., -f-- 
2 FI 2 O -f- O 2 = 4H]SrO;s -h 18.8 Cal., has gone to comr>leti()n; the acid is 98 
per cent or better. 

Ot 1 1 Kii Path n ts 

XJ. S. Patents 1,845,050 and 1,845,068, inethcKls and api>:ir;i(.\is for (‘oiniuct 
cxotliermic gas reactions; (ho inc^omiiig gas mixtriiro while Ix'ing ]n'eh<^d(Mi, is in 
contact with, a preliminary amomit. of catalytic mass. 1,855,010, in whicli two s(‘p;i.- 
ratc reaction bombs arc nsod, one for purifying an<l om^ for piaidiicing. h3:u*h of 
those 3 patent^s has drawings sliowing construe;! ion of (‘onvc'rt c'rs suit.al )Ie for llif* 
ammonia synthesis. 2,052,326, catalytic convortc^r and ainm.onia. s^'nthc'sis; 2,010,235, 
catalytic oxidation of ammonia; 2,018,760, catalyst for ammonia, c)xi<lation and the 
like. 

P ROB mo MS 


1. A direct synthetic ammonia plant produces 1 t.on of Nlla p(M' hour in a 

catalyst chamber with a catalyst volume of 10 liters. Assiimiiig ixa fect. (*ouversion, 
and no losses, what is (a) the weight of hydrogen needed; wlial is its volunuj at 
0° C. and 1 atmosphere? XTsing the simple gixs laws, wlia.t is (!>’) t.he voluiiu' of 
the same amount of hydrogen as for (a), for the following conditions: 100'" Cl. and 
1 atm.; 100° C. and 100 atm..; 100° C. and 1000 atm.; 300° Cl. and KKK) afni.? 
formula to bo used is N is the gram niols, R, is th(^ gra,m moh^eiilar 

gas constant and equals 0.082154; 7' is absolute temperature ; p is giv('u, in at.nios- 
plieres; with these hguros, the answer will bo in liturs. 3H “= 3.021 ; Nlfi - 17.032. 

Answer: (a) 1,791,900 liters; (b) 3761.1 liters at 300° C. and ;10(K) a tin. 

2. The volumes computed in 1 give a good re]>ros('ji tation t)f tlu^ (‘T\ormous 
<lecroase in volume duo to the high pt'cssures, in spit.(^ of tlu^ high t c'lipx'ra 1 
Those volumes are not correud., however, because hydrogen phx's not. follow' the gas 
law exactly. In order to find the true volume, compr(\ssiV>ili ty C'.o(41iei('n I s must, br* 
used, which rest on experiments. Ry means of tlu^ conuiressil )ilii.y coenh’if'ntv the 
volume in cc. for one grain of (he gas is coinimt,e<l; knowing tlu^ widglit, the total 
volume m.ay I'je obtained readily.*’’* 




ITy<lrogcii 

Nit.rogcii 

N,, i 31 r.. 

Aiunion 

0° C. and 1 at.m 

... 1 

1 

1 

I 

100° c. 

1 atin 

... 1 .3660 

1 .3669 


1 -:i7!) 

100° c. 

100 atm 

... 1 .4356 

1.4121 

l .43(>2 


100° c. 

1000 atm. . , . 

. . . 2.0844 

2.4948 

2.1870 

&■ 

300° C. 

1000 at rn. . . . 

. . . 2.8157 

3.3203 

2.9504 

.... 


* Tlio <*-ritic.a,l toniporatni'<^ for XU;, ih 132.4” C., tlio critical prosKurc 113 at.itiosphr'-rfw ; cxpljun 
why the data are rnis.sinp:. 


The compressibility factor is used its follows: Por 100° C. a,nd 1000 atm., for hydro- 
gen its value is 2.0844. Then 


2.0844 

V == 

1000 


X 


22,428 

2.016 


23.20 cc. jier gram- 


Compute the volume for hydrogen for the conditions stated in Probhiin 1. anti list 
the results opposite the results from 1, 


^‘E’ixcd nibrogeii.'* H. A. Curtis, Now York, Chemcial Catalog Co., Ino., 1032. p. 241. 
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Answer; For hydrogen, for 300° C. and 1000 atm., corrected: 5045.6 liters, 

3. Perform the same computations for nitrogen, and for the mixed gases as 
rexjresonted by JS-a -{- 3Hi!. The apparent molecular weight for this mixture is 8.516. 

4. With a conversion of 40 per cent, the amount of hydrogen computed above 
in 1 and 2 is only a part of a larger total. What is this total? WTat is the volume 
of the exit gases, expressed for standard conditions (the ammonia assumed to 
remain gaseous) ? 

5. Ill a regular run for direct ammonia, the space velocity is 39,600. The hydro- 
gen-nitrogen gas mixture is 3 hydrogen and 1 nitrogen. The catalyst volume 
(apparent volume) is 10 liters. The conversion is 40 i^er cent, and there are no 
losses. In which period of time will 1 ton of iNTHa be made? And in that period, 
what is the volume of raw gases which must be sent into the converter, in order 
to give the x>erformance specified? Express this quantity for standard temperature 
and pressure (0° C. and 1 atm.); find its volume for 300° C. and lOOO atm., which 
will bo the working conditions, in two ways, first according to the simple gas law's, 
second, using the compressibility coefficients given under Example 2. 

ISrote: The apparent molecular w^eight of the SPE -I- iXa gas mixture is S.516. 

Answ^er : 12 hours is the period of time. 

6. In the Faiiser process for direct ammonia, the reaction for preparing the 
needed nitrogen is 21^ IE -h 2.50« == 2NO + SIEO. The oxygen brings with itself 
the nitrogen which air contains. Is the statement and the figure of 10 given in 
the text correct, and is it f)Gr cent by volume or by weight which is meant? 
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Until a ncry fezv years ago, America mined more phosphate rock 
than any other continent; that is no longer so. Ameinca is ozitranhed 
in this respect by the dark continent. Man eats lime and phosphates, 
in order to have the mineral materials for his teeth and bones. The 
phosphate pebble deposits are the legacy to man from the prehistomc 
animals, voho perhaps did not live in vain, since thanks to their having 
lived, there is a si/.pply of this essential element ( phosphorus ) at man^s 
disposal. The same phosphate radicals zohich perform so useful a func- 
tion in 77ian's body, performed the same function for the hu7?ible dioellers 
of the earth in the Pliocene, Permian, and other epochs. 


Chapter 7 

Phosphates, Phosphoric Acid, Baking Powders 

The phosphates for fertilizers, for the acid and its products, and for 
phosphorus come from two sources: bone ash, or mineral deposits, both 
more or less pure tricalcium phosphate. Bone ash is purer than the 
mineral material, as one would exi^ect, and serves for making phos- 
phoric acid and monocalcium phosi")hate for baking powders, as far as 
its limited supply allows, while the mineral phosphate is the material 
for superphosphate, of which 31 million tons were manufactured in 1931, 
and 3 million tons in 1935 (U. S.) . 

jSfew deposits of mineral i:)hosphate material have been discovered 
gradually in the course of the past 50 years; they are indicated by the 
corresponding production figures listed in Table 13. 


Xatu.h 13. — Nalitral PJjosphatc Production Jar I he World in Metric TonSj (IQSo). 

(IJ. S. Bureau of Mine.^) 


Tunisia 

Morocco, French 

Algeria 

P2p:ypt 

Africa, total 

America, United States 

Nauru, Ocean Islands . 

Christmas Islands 

Curacao 


1,500,500 

1,303,182 

603,813 

473.896 

3,881,391 

3,091,229 

707,051 

147.217 

90,709 


llussia 


1,167,000 


'World total 


9,500,000 


^Vithin the United States, the mineral phosphate deposits, in the 
order of their commercial utilization, are: Florida land pebble (30 to 
36 per cent PaOr.) , Tennessee brown rock (25 to 37 per cent PaOs) , 
Florida hard rock (25 to 37 per cent P 2 O 5 ) , Tennessee blue rock (27 
to 33 per cent PaOs) 5 Western rock (26 to 32 per cent PaOn), soft and 
waste pond phosphates of Florida (15 to 35 per cent P2O5), South Caro- 
lina phosphate (30 per cent PaOr.) . 
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As the pereentage figures for the phosphoric aci<l content (P^Or,) 
indicate, there is a variation in the quality of the ])hosphatc d<'i>o.sits. 
High-grade rock contains 70 to 80 per cent tricalciuin phosphate'; tlio 
impurities are mainly clay, limestone, sand and calci\nn fiuorided ddie 
Florida ^ land pebble is high grade, and is found in the bottinn of rivers, 
lakes, and along the banks. The pebbles in tlic bottom of rivers arc 
gathered by scoops, washed and dried in rotary (‘vlindcrs, while the 
banks are mined hydraulically and at the same time the }>el>bles washed 
free from clay and earth, then dried. The Tennessee brown rock is 
also high gracle, but has a greater impurity of iron and alinnina ; both 
the brown rock and blue rock arc actively exidoited. The washing is 
done in a variety of ways, among others by stirring the <‘r\ish(‘d rot'k 
with water and running off the lighter clay susi^ensicm. ’'FIk^ wt'stern 
rock is somewhat lower in grade, and contains muc.li organic*, nia,tt(‘r 
(7 per cent) ; by roasting the rock before using it for supcM*phosj)ha,t c', 
the phosphoric acid content is raised, and a waste of sidfiiric a.(*id is 
avoided. All phosphate rock deposits occur in bc'ds a f(‘w feet tliic'k; 
thus for Tennessee, the average is 6 to 8 feet. The Tunisian mine* lU'ar 
Gafsa and the Algerian de-i'josit near Tebessa have beds va,rying from 
2 to 10 feet in thickness. Tess extensive deposits occur in Spain, and in 
the Somme region, in France. 

The production by states is shown in Tal)le 14. 

Table 14. — ProdiLction of Phosphate Rooh in the Zhiitdd Staff's (/ffdo). 

^ Ufm/a: ^ 


Florida 

Hard rock 121.597 

Fand pohhlc 2,493,403 

Soft rock 39,535 2,051,595 

Idaho, Montana 07,490 

Tennessee 

Brown, bine, and white rock 493,501 

IJ. S. total, 1935 3,215,580 

TJ. S. total, 1934 2,898,238 


Superpliospliate. Superphosphate is made hy llic ac'tion of c,hain~ 
per acid 50° to 55° Be., corresponding to 62 to 70 i>or ('ent on 

ricalcium i)hosphatc, the essential constituent of phosphatt'. rock. Idic 
amount of acid is so regulated that the monocalchim phosphab* is 
formed, soluble in water: 

CanCPOd^ -h 2H.SO. H 4IBO = Call^POOr^ t 2(CkiS(h . 2IM )) (1) 

mono- (/ypsurn 

calcium 
phosphate 

of fluorine to phosphoric acid is constant, for a given deposit; «ec CAem. 21, 

“ One district lies along the Charlotte Harbor and Northern Itnilway whicli runs through 
harlotte, IDc Soto, Hordee, and I?ollc counties ; another is near X>uncdlon, in Marlon Oounty- 
3 Maury, Hiclcman, and Lewis counties. 

irnpurities may be reduced by applying flotation methods; IC. r>. Jacob, /ad- Kng. 
hGm., 23, 15 (1931); m superphosphate, iron and aluminum oxides favor reversion. 

® Chem. Abstracts, 19, 1551 (1925). 
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The calcium sulfate in the form of gypsum remains mixed with the 
monocalcium salt, and it is this mixture which constitutes superphos- 
l^hate. A cci'tain amount of dicalcium phosphate CaHP04, insoluble in 
water, is formed also, and is determined in the analysis by virtue of its 
solubility in ammonium citrate, in which any unchanged tricalcium 
phosphate Ca3(P04)2 is insoluble, while the monocalcium phosphate has 
been removed by water. The mono- and dicalcium phosphates together 
constitxitc the “available phosphate” in superphosphate and amount to 
16 to 18 per cent P2O5. 



"What is not generally known is that ordinary sujierphosphatc, and 
indeed otlier forms of water-soluble inorganic phosphates, are rapidly 
converted in the soil into forms which are practically insoluble or are 
only slightly soluble in pure water. The reaction or reversion results in 
the foi'mation of water-insoluble calcium, iron and aluminum phosphates, 
and other insoluble phosphates. These compounds arc, nevertheless, able 
to sTipply sufficient phosphorus to the soil solution for the growth of 
plants, due in part to their fine state of subdivision. In general, it rnay 
be said that inorganic phosphate fertilizers show very little penetration 
into the soil beyond the zone in which they are applied, except insofar as 
this zone is disturbed by plowing and other mechanical means. 
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In order to make the s\iporpliosi’)hate, the roek is ri'ciiu'ed to a powder 
by moans of a jaw-eriislicr followed by a continuous pc'bblt' mill/' for 
example. Kcpial weiglits of cold acid (first) and powdeu' ar<' run into 
a cast-iron mixer eqiui)i')cd with paddles, and able to liandh' 2 tons of 
rock in each charge. The mass is stirred for 2 ininutc^s, and (luicdvly 
dumped into the below, where it remains 24 hours; the redaction 

started in the mixer continues in the den, and ca, use's a rise in tc'inpera- 
ture to lOO"^ C. (212"^ F.). Fig. 43.) Carbon dioxide' and hydrogen 

fluoride arc evolved, and in passing out, give the mass porosity. The 
carbon dioxide comes from a limestone imj)urity ( 'aC d- iI:>S().t 
CaS 04 + 1-120 + COo- The liydrogen fluorides originatc's in the calcium 
fluoride present in the rock, CaF^ + I-I 2 BO .1 — CkiSO.t -I 2IIf\" 

The gases pass out of the mixer and ohainber pits und<'r gt'iith' suc- 
tion, and reach a spray of waba* in one or more towc'rs. 4du' hydrogc'n 
fluoride solution may be neutralized with soda ash, forming sodium 
fluoride, or it may be treated with more silic'a (waslu'd sand) to form 
fluosilicic acid FIoSiFfi; this may in turn be made into sodium or mag- 
nesium silicofluoridc, the former an insecticide, thc' lattc'r a prc'servat ivc 
for Portland cement surfaces. 

6HF + SiO^ = IkSiF« d- 2H::0 ; 2 HF + JShiuCXda =- 2 N 11 F \ H:,( ) } (d( X, ; 

II.SiFo -I- MgO == MgSiFc d !!:..( ). 

After thc 24-hour period in thc den, the mass is rc'.movc'cl by convc'yors 
and bucket elevators to thc storage piles, where the supc'r] >hosphate is 
allowed to ^^cure” for 8 to 10 weeks. liy curing is m<'ani tlu' further 
reaction of free acid on unchanged portions of thc^ rock. ’’Vliv. longc'r the 
period of “cure,” the less the amount of acid cmc needs to ad>ply. Iti otlu'r 
l")lants, there is no curing; thc mass from thc den pass(*s t lu' ‘‘rasper/' 
which divides it into uniform, fine grains, and from tlu're to tlio storage' 
pile, ready for shipment. 

The amount of sulfuric acid added is a little less t.han I'ccpiire'd for the 
main reaction (1), in order to avoid residual unchange'd j>h<)sphoric acid. 
The water is ample to allow complete wetting of tin'; j)owd('r<ul rcx'.k; a 
part of the excess remains as water of crystallization, CX'/II.! ( IX X* ) 2 .IFO, 
CaS 04 . 2 H 20 ; some jo^^sses out during thc period s[>ent in Ike d<'n. The 
siiperiihosphate weighs considerably more than the pliosphate rock taken 
(for example, it may be as much as 1.70 times the weight, of the 75 pt'r cent 
tricalcium phosphate rock taken), because the sulfuric, acid added r<^mains 
in the product in the form of gypsum, while most of the watc^r added also 
remains. There is a loss in fluorine comx^oimds whicli pass oxit, but the 
extra amount of acid which must be added weiglis more tlnin the com- 
pounds driven out, so that hero again there is a gain in weight. By 
adjusting the amount of acid, its water content, i^crhai)s its temperature, 

^ Cliaptcr 44. 

7 iiyaroeen mioricU', attacKH the silica irnymrity, foriuiuK tlic Ka« silicon tf%tra- 

fluoride 81^4 which to the towers where it is decomposed l)y water: 41 IF \ SiOa Hil'X f 2II«0 

and later with the cold water, 3SiF4 -h 2!HyC> ==» SiOa "h 2H2SiFa- 
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to suit the rock used, a product which is dry, which powders easily, and 
which does not stick in the drill which applies it to the soil, is produced. 

It has been proposed to produce a dense, granular superphosphate, 
whose granules would be mechanically strong, and at the same time 
shorten the manufacturing process from many days to half an hour. 
This would be done in a horizontal, rotary autoclave.® 

Triple Superpliospliate. A material with three times as much avail- 
able phosphate is the triple superphosphate,®'^ containing 48 to 49 per 
cent PoOr,. It is therefore a far more concentrated product, offering 
reduced transportation costs. It is made by the action of phosphoric 
acid on phosphate rock, instead of sulfuric Ca 3 (P 04)2 + 4 II 3 PO 4 = 
3 CaH 4 (P 04 ) 2 . No gypsum is formed, but instead, more of the soluble 
calcium xiliosphate. The acid applied contains 45 per cent P20r>, be- 
cause such strong acid introduces less vrater which must be evaporated 
later. The reaction of the rock wdth phosphoric acid is slower than with 
sulfuric. 

The rock and phosphoric acid are mixed for 1 hour, the resulting 
solid mass disintegrated and conveyed to the wet storage building; its 
moisture content is 20 per cent. After an aging period of 30 days, it is 
dried at a temi^erature below 200^^ C. (392° F.)? ground in a ring-roll 
grinder to pass a screen with 6 meshes to the inch. It is a stable, non- 
hygroscopic powder, with 41 to 42 per cent P20n in the form of water- 
solul^le phosphate, 48 to 49 per cent P20r» as total available r:>hosphate, 
combined CaO 20.80 pov cent, and moisture 2.75 per cent. 

Treating ordinary superphosphate with anhydrous ammonia gas per- 
mits the fixation of some 3 per cent NII 3 without increasing the con- 
sumption of sulfuric or other acid, gives a product easier to store and 
apx:>ly, which, furthermore, does not rot the containing bags.-* This has 
now been extended to treating with urea-ammonia liquor, sodium nitrate- 
ammonia liquor, and ammonium nitrate-ammonia liquor, with nitrogen 
content equivalent to 37.5 to 45 per cent nitrogen (comxiare next chapter). 

Soluble Organo-phospbates, Recent work at the University of 
Nevada Agricultural Experiment Station has been based on the viewpoint 
that “positional availability^’ is fully as important as “chemical avail- 
ability.” The ordinary superphosphate already mentioned apparently 
does not i>enetrate the soil beyond the depth of plowing or stirring, seven 
indies to ten inches, whereas the root systems of field and orchard crojis 
feed not only in this surface layer but also extensively below that depth. 
The effort is now being made to develop organo-phosphates, particularly 
glucose phosphate, which will retain its solubility long enough to permit 
it to penetrate into the deeper soil layer, and thus supply phosphorus to 
the deeper iiortion of the root system. The successful solution of this 
task jiromises not only more efficient application of phosphate to the soil, 

« TLT. S. Patent reissue 19,825, of original patent 1,947,138. 

K. Jj. Ijai*i»on, Ind. Eng. Chem., 21, 1172 (1929). 

» K. n. Jacob, Ind. Eng. Chem., 23, 14 (1931). 
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butr also would pi'o\ddo a lar^e outlet for i’ariu products of ti starchy 
nature fi'oni \\']u<*h glucose (*an ht^ inadcJ^* 


Piiospiiouic Acu> 

Wet Method. The inajor part of the phosi>lu)ri(* a<a<l piaxhu^ecl for 
all puri^oses is still made by the action of dilute sulfuric* acud, 30'-' Be., 
on the ground phospliato rock or bone ash Ca.-i ( .P( ).i ) -Y .‘illoSO.i + 
GITO 2I-I3PO4 + 3(CaS04.2ir:>C.)). The caleiuin sulfate is obta.iiied as 
gypsum. The reaction may l)e pei‘fornicd in a lead-linc'd tank with lead- 
covered agitator, settled, and the clear acid solution (‘ont.aining about 
20 per cent Pi>Or, as phosidioric acnd, decanted. Tlu'. mnd is washed with 
water, and the dilute acids obtained concentrated by beat, or ustxl for 
the dilution of the incoming siilfnric acid from tlu'- 50 ’ or 55“ Be. to 
30*^ Be., ready for treating a new batcdi. The gypsum may also be 
filtered in a i:)ress, or on sand filters. Iniprovcxl api)aratus is b(*ing 
installed which hastens the separation of the acid from the mud. The 
.Dorr system provides for continuous operation and deliveu’s a. first st-rtaigth 
of 29 per cent Pi>Or, as idiosi)hoi-ic acid (c(|uivalent to 40 per (‘.ent. ibiPt)-!) ; 
a second strengtli of 15.5 pea* cent PiiCbi as a(dd is cunploycxl for the 
dilution of the chamber or other sulfuric a(dd. A series of tluaai agitators 
and six thickeners are used, lined with acid-]U'oof bri<*ks a,nd operated 
oil the counter-current princdple; for use in making lugh-gra<U* fertilizer 
material, 110 filtration is required. The i^uid discharge<I is frcH* from acid. 
This artificial gypsxnn has been utilizcal for making a mimb(*r of gypsum 
products. 

When the acid is to be used for baking chemicails, it must. Ix^ ]>urifie(l 
from any remaining gyp^^i^un, silica, lead, arsenic*., iron and alumimim 
oxides, and fluorine comiiounds. The crude acid is (‘olorcxl grec*n ; th(^ 
purified acid is cok^rlcss. 

Concentration is ])er formed in lead vesseds, by incains of lead ste.am 
coils, to a 45 per cent Pi>Or> strength, or 50 ])er c*.ent, at atmosphcu'ic i)res- 
sure. Care is takem to avoid ovesrheating, in order to prevemt the* forma- 
tion of i.)yrophosphoric acid, II4P0O7. Highc*r strongt-hs than 50 pc*r <*.ent 
are more readily obtained by the volatilization pro(M»ss, 

The yield by the wet method is about 90 per cemt ov(*r all. 

Tliermal Methods, Phosphorus and phosphoric acud may bc^ pro- 
duced without the aid of sulfuric acid, namc'Jy, by thcuanal methods. 
On heating tricalcium phosphate in the iirescmcc^ of <*.arbon and silica, 
elemental phosphorus is liberated which, on oxidation and sohitioii in 
water, gives phosphoric acid. As heating dcwiccs tlK>rc'. may be used 
cither the electric furnace or the fuel-fired blast furnace. In cutber ease, 

^““Phosphate Studies: I. Soil pesnetration of some or|i:aiiic and inorfcanio j>lioNph«.tc.s/' V* K. 
Spencer and llobert Stewart, Soil Scieiia?., 38, No, 1, 65 (1934) ; ZVoo, Saaorui JJ^etirhorji Ccm/nmice, 
(jVTay 1936), p. 37, publ. Cheni- ■I^'oundation, 654 MadiHon Avenu<t, New York. 

TJ- S. Patent 1,858,203 proposes the boiling of the acid with hy<lratcHl sJlica such aa 
diatomaceous earth, followed by the addition of sodn ash and dccantatUni from the stKlitiin fliioHili- 
cate produced. 
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the reaction which takes place is Ca3(P04)2 - 4 - 5 C -i- 6Si02 = P2 + 
5 CO -h 3 (Ca0.2Si02) . The first product is phosphorus; if it is collected 
under water, and the oxidation performed later as a distinct step, it is 
the two-pass system; but if air is allowed to join the phosphorus vapor 
so that it is at once oxidized to P2O5, in the presence of moisture, it is 
the one-pass system. It should be noted that in the latter, carbon mon- 
oxide must also be oxidized, so that the second part of the chemical 
action is Po - 4 - 5 CO + 5O2 = P2O5 H- 5CO2. The solution in water 
PiiOr, 4 - 3PI2O = 2I-I3PO4 produces the final phosphoric acid. 

A flow sheet of the volatilization method, with the source of heat 
electric, illustrates the one-pass process. (See Fig. 44.) The rock or 
pebble, crushed to small size, is mixed with sand and coke, and fed to 
iin electric furnace with 3 electrodes. The furnace consists of a cylin- 
drical steel shell lined with fire-bricks; the cover has an outlet for the 



44 . — volLitiliziilion procops for i)hosphoric acid, and saturator for 
ainiiH)niuni i»liosphate maniifaciure ; 1, furnace; 2, dust catcher; 3, elec- 
trical i>reciiutat.or ; 4, entry of pliosphoi’ic acid liciuid into saturator; 

5, amnionia ji:as inlet with clistrihutor ; 6, coiny')ressed air line for continu- 
ous f>jo<‘tion of susiiension of ciystals lhroujz;h 7 to centrifugal 8, with 
run-back 9 foi- the clear liquor. 

gases which pass through a wet dust catcher to a Cottrell precipitator 
wlicrein the phosphoric acid mist is precipitated. The calcium silicate 
slag passes otit of the furnace at the tap hole; given the proper impuri- 
ties or additions, the slag may be a valuable cement. The flow sheet 
includes a scheme for making ammonium phosphate. 

In tlie developments of the Tennessee Valley Authority, the T.V.A., 
there lias l)ccn included a fertilizer jilant, in which superphosphates are 
])roduced. An electric furnace, using about 4,800 kwh. per ton of P20r> 
charged, sends its gases, phosi^liorus and carbon monoxide, (a) , to be 
oxidized together, wasting the carbon monoxide, and giving phosphorus 
I)cntoxide, which is then hydrated to the acid; or (b) , to a cooler where 
the i)hosi>horus is condensed as a liquid under water, allowing the carbon 
monoxide to be burned usefully by itself. The phosphorus is then oxidized 
and hydrated later by itself. The absorption of the P2O5 in 85 per cent 
phosphoric acid runs smoothly and is full of promise. 


lob **Thc mjuiufjioturo of phoHphoric acid by the electric furnace method," I-Iarry A. Curtis, 
Trans. Am. Inst. Ohf%nh. Eng.p 31, 278 (1935) with illustrations, flow sheet (p. 282), and diagrams. 



140 


INDUSTRIAL CIIICMISTR 3 


^''he tcmpei’atiirc at which reduction takes place is 1300'^ to l lOO^ C. 
(2372° to 2552° F.) ; 40 per cent of the total heat supplu'd raises the 
charge to 1300° C. (2372° F.) ; the 60 per cent which cause's the reduc- 
tion must be supplied above 1300° O. Fhis the electric*. turnac*e docs 
well. On the other hand, the extremely high heat of tlu* arc may 
volatilize lime, silica, alumina, magnesia; a number ot ingenious disposi- 
tions and inventions have been necessary in carder to ])revent this difric‘ulty. 

In the blast furnace, 2.36 pc^unds of coke are (‘onsumc'd tor (‘a(‘h 
pound of phc^spliorus pentc^xide produced. The' yic'ld for the thc'rmal 

methods is 80 per cent; phosi>horus is lost to iron and other impurities 
left in the furnace. 

Phosphorus pcntcDxide is a white powder, c'xtrenu'ly hv groscoi'>ic. 
Phosphc 3 rus is a yellow, wax-like solid, which nielts at 44 ^ C h ( 1 1 1.2' F.) ; 

it is kept under water, for in the air it oxidizes spontaneously to its 
white powdery oxide. 

The thermal inethods have the advantage of permitting the manu- 
facture of any strength phosphoric acid desirc'd ; the* highc'r sirc'ngtiis 
are obtained without the necessity of (concentrating by lu'at. ac*i(l 

produced is, furthermore, much purer. 

Trisodiuiti Phosphate. Trisodium i:>hosphat,e., JNTa.d^t ) i .1 211 :»( ), is an 
alkaline substance which lias come to be highly prizc'd as a. d(*t ('rgc*nt, 
a water-softener, and boiler compound. It is made in two stc'ps. First, 
phosphoric acid is neutralized with soda, with the formation of disodiuin 
phosphate: HaPO^ -1- NaaCOa = NaoHP 04 + COo -f- TI^O. Thr. third 

hydrogen atom in phosphoric acid is unaffected by soda iish. 4''() the 
solution of the disodium phosphate, caustic soda is added, with for- 

mation of the trisodium salt: iSra;»HP 04 T* iSTaOH Na;{P ()4 ~h H^t). 

In a 4000-gallon tank with agitator, 7000 pounds of soda ash arc^ sus- 
pended in 900 gallons of hot water or hot wash licpior; i)hosi)liorie acid 
of 45 i:>er cent Pi^Or, content in the proper amount is addcal at tlu' surface', 
so that the carbon dioxide evolved may escape more r(>adily.^* The 
solution is boiled to remove all carbonate, diluted with mothc'r licpior 
from previous crystallizations, and filter pressed liot. In the n<*x( vstep, 
1500 gallons of disodium phosphate solution (14.5 peu' C('nl. PuO:, and 
13 per cent ISTaiiO) arc treated with some 2800 pounds of sodium hydrox- 
ide dissolved in 300 gallons of hot water, and then 1 ()()() gallons more 
of the disodiiim liquor of the same strength. The resulting solution is 
diluted with mother liquor from the crystallizer to a si>ecifi(*. gravity of 
■1.34 to 1.40 at 90° C. (194° F.) , It is filter pressed, and delivered 
through steam- jacketed pities to water-cooled ('.rystallizcrs ; the licpior 
fed in has a temperature of 70° C. (158° F.) and contains 9.25 Tier cent 
PaOn and 13.2 per cent Na20. The temperature is reduced gradually to 
30° C. (86° F.) . The crystals formed are centrifutied. dried in a laekcted 
rotary drier, cooled, and screened. 

A spray-congealed grade is made by acl.iiistinc: the cioncentration to 

pliospnate. ita manulacturo and use?,” Foster X>. Snell. Xnd. IJnft. Chem., 23, 
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match that of lSra;{P04.12I-l20, and atomizing at the top of a tower; dur- 
ing the free drop of 70 feet, the particles assume a spherical shape and 
congeal. Tlie product is screened. 

To reduce caking, a small amount of another salt (ISTaF, aSTaCl) may 

be added. .■ - 



The i^reparation of disodium phosphate has been given incidental 
to the manufacture of trisodium phosphate, at least as far' as its solution. 
In order to obtain the salt, this solution is crystallized, the crystals 
centrifuged and packed. Disodium phosphate is ]Sra2HP04.12I-l20 and 
effloresces (loses crystal water) in the air. It is a valuable agent for 
water soltening. The monosodium salt is also made, but in smaller cpian- 
tities ; this is an acid substance, and serves among other ways as a 
baking chemical. By heating the monosodium phosjohate NaIl2P04, 
sodium acid pyrophosphate, with better keeping qualities, is obtained: 
2NaH2P04 4 - heat = jSjaoHoP^OT + HoO. 

The production for the sodium phosphates in 1935 was: 


Trisodium phosphate 

Bisodium phosphate 

Metasodium phosphate 

Monosodiuin and pyrophosi^hato 


Tons Price per ton 

87,108 $ 44.35 

35,434 37.80 

5,147 100.6 

4,517 184.2 


Monocalcium Phosphate. Monocalcium phosphate is manufactured 
in considerable ciuantities, chiefly as a baking chemical. It is made 
Irom the imrified idiosphoric acid, by the addition of selected hydrated 
lime or limestone: 2PI:iP04 4 - CaCO^ == CaH 4 (PO 4 ) -.H-O 4 - CO2. After 
mixing, tlu^ materials are set aside to allow the reaction to become 
complete; the resulting product is a solid, which is crushed to a medium 
size. It is then dried at a gentle heat, which causes the loss of the 
water of crystallization. The dry product is milled to the desired granu- 
lation, and ])ackaged; it is practically x:)urc monocalcium phosphate. 

lyicalciii'tn 'phosphate is obtained as a by-product in the manufacture 
of ossein; see Chapter 3 G. 

Aninioniutn, '})hoHphate has the advantage of supplying two of the 
necessary elements for plant food in a single substance. Monoammonium 
l)hosphate is made by passing ammonia into strong, hot phosphoric 
acid until the composition corresponding to jSril4ll2P04 has been reached ; 
on cooling, a rich crop of crystals form which are centrifuged and dried 
to a stable, white powder, of formula ]SrH[4H2P04. The flow sheet for 
phos}^horic acid by volatilization illustrates the preparation of this salt. 

The (Hani'tnorivwm phosphate, containing some of the mono salt, is 
more difficult to prei^ure. Both are made in increasing quantities, with 
synthetic ammonia. In 1935 , 28,900 tons of ammonium, phosphate 
(A.inophos) were produced and used in making fertilizers. 

Consumption statistics on phosphoric acid and its compounds are 
given in Table 15 . 
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TAiiLK 15. — Amvual C onsum/ptlon of Form of F/iospharia l^Jioi^pJiate 

Salts, and Triple SxLjycrphospliatc (Bizi Not Ordinary Su pi'rp}u>‘S})]iat t' ) ^ 

All Phosphoric Acid Prod lu: Is.''' 


Ttjii.s 

Phosphoric acid, all grades 6,500 

Moiiocalciuiii phosphate 21,500 

Ammonium phosphates 3,700 

IDisodium phosphate 14,500 

Trisodium pliosijhate 15,000 

Sodium acid pyrophosphate - • - 1,100 

Triple superphosphate (for fertilisers) lcS,0(K> 


Total S0,<)00 


The figure for the triple superphosphate is only for llie phos]>horic a<*id con- 
sumed as such in making 60,000 tons of triple su]>c:rphosphatti (at. 45 \)cv c(Mit P-( )i.) . 
* William IT. Wapigaman, Ind, Iiln{7. Ohein., 24, 9S4 (1932). 


Baici^tg Powdkrs 

Baked goods owe their light structure to the prc'seiiiec^ of c'cirbon 
dioxide evolved wdthin the dough during its prc^paratioii and the early 
stages of baking. Tlie carbon dioxide may be produced by yeast (l)read) 
or by baking powders (cakes) ; the latter generate the gas more rai)idly, 
partly at once on being mixed and mc^istened, the rctst on appli(‘,at;ion 


Kkjurio 45. — TVIixors aini 
\v(4ghing h<)p]>tn‘H for 
ingrc'dicnt ,s for baking 
po\vd(‘rs. mix(n*s 

contain 5(KK) lbs. of 
baking ] xiwaior. Note 
thiit tht^ mix<‘r is on 
whticds Jind may he 
imivtal (,() any oiu^ of 
t.he bins. (C '!ourt.(‘sy of 
the Itumford C'lHnni- 
c,al W o r k s , Prov^i- 
d<m(a‘. It. 1.) 


of heat. A baking powdei' then is a combination of chemicals, called 
the baking chemicals, which yield the carbon dioxide gas on bcitig mt)is- 
tened. The amount of gas is calculated to be 14 per cent (by weight) 
for household powders and 17 per cent for commercial powders. The 
standardization is performed by selecting the materials too strong, and 
diluting them to the right strength by the addition of cornstarch. After 
gas evolution, the residual chemicals must be without harmful action 
on the human physiological system. Figure 45 shows the equipment for 
mixing and weighing the ineredients. 
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Three types of bakino- powders are estimated to constitute 90 per 
cent of all the baking powders produced (U. S.) ; their quantitative 
formulas to yield 14 per cent CO^ are as follows: 


8o(liiiin bicarlional o 

CoiTitrj(,arc;h 

Tiiriaric acid 

Croain of tartar 

Monocalciiun |)hosphatc 

Sodium aliiiiiiniim sidfato (calcinod) 


Cfoam of Calcium acid S.A.S. 

tartar phospliat(» phosphate 

Per cent ^ 

26,73 26.73 26.73 

22.40 (1) 39.84 (2) 40.07 (3) 

5.97 

44.90 

33.43 13.28 

19.92 


In addition to these three, a fourth type (4) is sold to commercial 
bakers, often in the form of the separate unmixed ingredients; when 
made u]), it contains 30.59 per cent sodium bicarbonate, 29.03 per cent 
cornstarch, and 40.38 per cent sodium acid i)yroi)hosphate, jNra 2 HoP 207 . 
This powder evolves 17 per cent gas. 

It will be noted that all baking powders have the same carbon- 
dioxide-generating chemical, IsTaHCOa, and differ only in the acidic sub- 
stance. The reactions are probably as follows: 

KHC.H.Oo + NaHCOa = IvjNTaC.H.Oo -f- CO^ -I- for powder (1) 

aCLiIIdPO.,)^ H- SNuHCO^ = Ca:i(P04)ii -h 4Na.HP04 -1- SCOii d- SII.O, 

for powder (2) 

Na.AbCSOP. d- GXaHCO:i 6COo d- 4Na^S04 d- 2Al(OH)c, 

for ])arL of powder (3) 

Nadld^<.)7 d- 2NriIIC03 = XiuPhOt d- 2COo + 2H:,0, for powder (4) 

Tlu‘ manufactin'e of the baking chemicals has been described in the 
prca*eding chapters, except foi* cream of tartar, KPIC-iH 40 tj, and tartaric 
acid, H 0 C 4 I Botii are solids, and by-products of the fermentation 
of wine, during wliich a deposit forms, called argol. It is collected, 
disscjlved, filter-pressed, decolorized by passing through bone char, and 
the clear licpior (*.rystallized in shallow vats. Tlie product, after drying 
and powdering, is pure cream of tartar, KHC 4 H 40 (;. 

Wixie lees contain, besides the potassium salt, much of the calcium 
siilt; by treating with sulfuric acid, the calcium is precipitated as sul- 
fate, and thc‘ mother licpior may be crystallized to give tartaric acid 
IT^C " ^ or, writti^n out to show its slructure, IIOOC. (OH) HC. 

Cd I (( )I r ) .C X )( )ir. Tins tartaric acid and tlie tartrates described are 
exclusivtdy tlu^ dc^xtro-rotary isomers.'^- 

CX)rnstarch is i)rc:sented in Chapter 23. 

The prodiud/ion of baking ]>owders of all kinds for the year 1935 was 
155,723,7()() )>()unds, valued at 9.3 cents a pound; yeast and other leavening 
compounds for tlie same year amoimtod to 181,005,938 pounds, valued at 
7.8 cents a pound. 

IS iiiirav'i'lixii!; of tho vririoiis n»riuK t>f tiirtaric’; n,c.*.icl wns tUo first ac*liiev€'mt*n.t of l^ouis 

Pasteur, iu IHaU. 
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Ot 11 KR P ATR X TS 

Xj. S. Patents: 1,688,112, on trisotiiiim phosphate aiitl its iiia iuifa(<.ur<‘ ; I ,(>^>3,21:1, 
on the use of trisodiutii pliospliatc in <;loaiiini^, whit t'liinii:, iillin^- \V( h^ht iii.u; hih- 

rics; l,758,448--9, on aniinoiiiiini i)ht>spliato by leac*hinj»: raw i)hosi)hat.(> wit li an a<*ad ; 
1,878,997, manufacture of iihosphal es aiul i vhospliorit*. acid usiu^ Il-SO t; 1 ,<845,876, 
alumina and alkali phosi)liates l)y de<*oiui>osition with caustic, alkali; 1, <822.040,’ 
diamnioiiium iihosphafce; 1,831,653, loachin^: phosphate? rock witJi II Nt).-,; 1,837,281, 
producing soluble phosphate iising SOa and nitrugeai oxiek^s; 1,753,478, die?alciuin 
phosidiate using by-product HCl on phosphal.o rock; 2,055,332, piirih(‘a t ion of stxlium 
meta])hosphate ; 2,062,866, making sodium i)hospha.t <? ; 2,069,182, ih(‘ apj)! ic.at.it)u of 
siilfonatcd oil to the mineral concentration for Florida phosphate' tlebris; 1,991,916, 
method and a]>paratus for oxidizing phosphorus; 1,9<8<8,387, prodiu*! ion of plios- 
phorus; 1.869,941, 1,837,329; 1,917,138, ri'issue 19,825, a rapid luefiiod for luamirac- 
turing suporphosphal i?. 

IhiOiiiA-: M s 

1. Seven tons of phosphate rock <?ontaining 76 pc'i* cc'iit. t.ricalcium i)hos]>hal(' ar(' 
acidulated with 50° Pe. sulfuric acid (62.18 ixn- ci'iit II-SC.).. ) , in ortlor to pia^pan* 
ordinary suiJerphosphate. Takii^g just. th(' right amount, of aciil foi- the rt'act.ion 
with the i)hosphate, how many poiimls will he laxpiired? h<?a,ving tin* read ions with 
calcium fluoride and calcium carbonate out- of acc.oiml,, and a.ssumiiig that, lluiri' 
remains a moisture content of 2.3 p('r ct'iit, wha,t will b<^ t.lu' winght. of tlie producc'd 
supeiphosphate? The new comi>ounds formed are OaIIi(P( ).()•: . II-O a,iul ( 'a.S( ).i . 2H;.< ). 

2. What is thc^ perct'nt.age of P-l in tJic? rt>c.k ik'sta-ibc'd in Problc'in I? Making 
the assumption again iliat. the reaction runs as tin? th(*(jry re(piir(*s, wliat. is Uk' 
percentage of PuCin present its water-soluhk' phos])hat(' in Iht' Ihiisln'd prt>duct? 
What would it bo, if you started with 100 per c<'nt trieakaiim phosphate? 

3. A shipment of 87 tons of Florida land pc*bblc' phosphate' (*on(.aiiis 34.96 p(*r 
cent PiiOc in the form of tricalcium phosidiate, and 3.92 p(‘r cc'ut. h' in the' form of 
calcium fluoride. The limestone impurity is 7.7 i>or c.ent, and the' remaimh'r is clay, 
silica and moisture. What is the composition of tin? rock, as far as this informa- 
tion indicates it? What is the exact amount of 50° Jle. sulfurit* a.ci<l whi<*h will be 
required, all reactions i>roc?oeding as rociuired by the tlic'ory? IU)w much gyi>sum 
will be formed in all? Tot all the fluorine escape as H.F, how imu-h liy<lrolhi<)ric 
acid in the form of 60 v^er cent acad will l>o collec4.tLV)le, in i^ouiuls? Whal. is th(' 
weight of carbon dioxide evolved, and how much will th(' final prt>ilu(*t wt'igh, 
moistui’e to be again 2.3 per cent? 

4. Sulfuric acid of 30° 13e. .strength (34.03 per cent Il:jS().i) is t.o lx* usetl for 

making 9 tons of 40 per cent phosphoric a.ci<l ( H.nPCh), ('(iui\ a len i t.o a 29 t)er t*ent 
P:»0.-s content (1.254 sp. gr.). A low-gra<le calcined ro<4c with 27.(i j>c?r (*ent PwOr, c‘on- 
tont is used. Flow much sidbiric acid will be required, ai\d how much ixxflc? How 
many gallons of 40 y>er cent phosi)hovic. acid will be? ol>t.a.inc'd ? 4'h(' yit'kl must, he 

taken as 88 per (*.ent. 

5. A shaft furnace prodii(?es 47 tons of 85 per ccuit jihosphoric a<?i(l (II:tP( )0 TX'r 
day. The coke required is 2.36 })ouiids per pouml of P:i( ).. pro(hic('<l. How nnu'.h 
coke is required per day? The yield is 80 T>or cent- ov('r all; how much 75 ])t'r ('ctit 
tricalcium pho.sphate rock will be needrxl? If all the. phosphorus p('iit<)xi<h? i)ro- 
duced in the yield was first collected as y<?llow phosphorus, how matiy y)ounds w<?r<? 
there ? 

6. The 7000 pounds of .soda ash under trisodium yfliosphaU? (.s<jc text.) are made 
into disodium phosphate, without adilitions. Flow many y>ouncls iU'(‘ obtain(?<l (in 
solution), £ind how many xmunds of 45 per cent PaOn phosiflioric. a<‘id wc'.u? rcapiirecl? 
How many pounds of 98.6 yier cent ISTaO-TT must ho fidckid to form the? trisotUum 
phosphate, assuming perfect recjovory? If the y)roduct crystallizes with 12HaO, 
how many pounds are obtained, and what is the perccmt^ige of sodium y)hosphato 
in the crystals? 

7. One-half ounce of baking powder of Formula (2) will gcneraln what weight; 
of COo, and what volume will the gas have at room torny^emtiiro? 

Readixto Refereistces 

“Recent developments in the x:>hosphate industry,” K. O. Jacob. Ind. Ena, 
Chem.., 23, 14 (1931). 
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“Thornuil prcHliictioii of phosphoric acid,” B. G. Klugh. Incl. Eng. CKem., 24, 
371 (1932). 

“Mam if act . 11 re of high analysis phosx)hates,” E. L. Larison, Ind. Enq . Chcm,, 21, 
1172 (1929). 

‘^Batio of fluorine to phosphoric acid in phosphate rock,” D. S. Bcynolds, K. D. 
Jacob and \V. Ij. Hill, Ind. En.g . Chcm., 21, 1253 (1929). 

‘"Volatilization of phosphorus from phosphate rock,” I — Experiments in crucibles 
and rotary kiln, p. 242; II — experiments in a blast furnace, p. 344; III — calculations 
of i)orformance of a blast furnace for volatilization of phosphorus and potash, 
p. 349; Hobert O. l^iko, Ind. Eng. Oh.e.m., 22 (1930). 

"‘Present status and future possibilities of volatilization process for phosphoric 
acid production,” William H. Waggaman, Hxd. Eng. Chern., 24, 983 (1932). 

“thermal efficiency of the phosphate blast furnace,” P. H. Royster and J. W 
Xurrentine, Ijid. Eng. Chem., 24, 223 (1932). 

Paragraph entitled: “Pertilizer plant,” W. M. Cobleigh, Ind. Eng. Chern., 24, 
721 (1932). 

“Xrisodium phosphate — its manufacture and use,” Foster E. Snell, lixd. Eng. 
Ohem., 23, 471 (1931), with a flow-sheet. 

""Phosphoric acid, phosphates and phosphatic fertilizers,” Wm. H. Waggaman, 
JiSTew York, Chemical Catalog Co., Inc., 1927. 

""OovelOpmen t and use of baking powder and baking chemicals,” E. PI. Bailey, 
TJ. S. Dept. Agric. Circ. Ho. 138. 

""The calcination or enrichment of phos})hatc lock,” C. G. Memmingei-, N . II. 
Waggaman and W. X. Whitney, Ind. Eng. Chorn., 22, 443 (1930). 

""Manufacture of phosphoric acid by the blast furnace method,” Plenry W. 
Easterwood, Tra7xs. Am.. Inst. Cham. Eng., 29, 1 (1933). 

""Xhe manufacture of phosphoric acid b^^ the electric furnace method.” Harry A. 
Cnrtis, Trans. Am. Inst. Chem. E-yig., 31, 278-292 (1935) with an isometric flowsheet 
of the fertilizer works. 

‘"Superphosphate, its history and manufacture,” Walter C. X. Packard, Chemical 
Age, 36, 917 (1937) . 

""Superphosphate process made continuous,” Chem. Met. Eng., 44, 30 (1937), a 
short article, illustrated. 



The kiurwloiUjr. of the. require nic'n of vegi fdiioti r<\sfs o?f ehi nncal 
.^nejicc ; on. tlri.^ kmowlcdge iii turn rests the chou'c of fc rftltzifuj fojenfs. 
A consuicj'ahlc port of the fcviilizcTs 'i4sc(l ar(\ pradi^auh or at least 
77 io(iified, hy iTxdnstrial chemical operatiotis. With the aid of coni nici'cial 
fertilizers y the productiviti/ of a given. <7?'oa may b(' raisi'd^ and a greater 
member of 'people -may be siipportcd by its yield. 


Chapter 8 

Fertilizers, Mixed Fertilizers, Potassium Salts, Nat- 
ural Organic Fertilizers, Synthetic Urea 

The greater part el* the I'oecl siip]>ly ef the human rac*i' eonu's trein 
the soil, in the lorni of ve^otaliles and i 2 ;rains, or of int'at, from <h)nK'stic‘. 
animals fed on the products of the cultivated soil. Planls iua'<I tlu* 
following substances for their growth: water, nitrogc‘n compounds, phos- 
phorus compounds, and potassium compounds, in fair < piani i 1 ic‘s ; limc', 
iron, magnesium and sulfur compounds in small ejuant itic\s. d''lie ohsc'r- 
vation that soils bcc*ome exhausted by successive (‘rnps was made* many 
centuries ago; in order to ])revent this exhaustion the ancicmls allowc^d 
a field to 'Mio fallow-’ every third season. Ouring tluit pca-iod tlu' par- 
ticles of rock in the soil weathered and became soluble, furnishing an 
extra amount of plant food which was ready for use in ihe sinaanaling 
season. Potassium from the feldspars and, to a Ic'sser extent, i>hosi)ha,tes 
from the phosphate rocks, were tlius accumulated in tlu' soil; the saint' 
process goes on to-day. The ancients aLso kruav thc^ ust' of inamire and 
the fact that to i')lant certain grasses and plow them into tlu' soil c'nriched 
it. Manure is still used to-day, and crops of clovt'r art* grown and 
plowed under in order to cnricli the soil with niti-ogt'ii (‘om pounds. Wood 
ashes were used, and supplied, as is now kiu.)wn, i)oiassium ('arbonate. 
Thus the merit of modern fertilizing science is not that, it ha.s dist'ovta't'd 
the process, but rather that it has ('Xi>laine.<l it. ''FIu' ] )ar(.i<‘ular c'lc'uu'nt.s 
furnished by iiianure, wcxxl ashes, or clover, arc'. knov\ai, aaid supplic's 
c^f the necessary focxls arc furnishc'd by mines and fac*tori(':s in almost 
linritless quantities. 

- In stable manure, the nitrogen (‘omjKninds arc' ehic'fly urc'a., N 
NPIu, and ammonium salts; manure supplies at t.lu'. same time' orga.nic 
materials which form the “humus’’ whicli ovc'.ry fen-tiU^ soil contains. 
Manure is a by-prcxiuct of the farm and need not bc', pur<tia.se(l, lu'iicc 
its general use. It is sui)plcancmtcd by nitrogenous compounds from 
various sc^urces, such as: ammonium sulfate frenn ammonia re(x)vered 
during the distillaticm of coal, or made from synthcitic arnmc^niti; syn- 
thetic urea; sodium nitrate from Chile, or synthetic; calcium and other 
nitrates made by nitric acid resulting from the (Oxidation of synthetic 
ammonia; calcium cyanamide. The manufacture or method of extraction 
of these substances will be found discussed under the iim>ropriate head- 
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of turnips, on ,),e yonu^^ plant for n long pcrKsl 

5U tb.Vs,,:!. an,! tl.e r.,nse.,nont oxpe-ur. 

i„ tlu, rava-os of the utr,»v «.' • <...nsisW in do<-omrr,sing in nmnnor 

N.nv. t!.; first <,f n,v ' It,. otln-r pUc^pln.^ 1 = 

ft,H,.-.vin.r n.c sai.l I-, no.-. Ik.uo ash. > I n.ix witli the Is.nes, 

,„.vi„.,s t., n.sing thorn for tin- ,A.„phor!to or any other suhstaneo 

bone ash. or bone '»-*' ".VtL ’tev <.f U-hurW ach! just sumetent to 

foutaiuiti .3 phosphoric acia. a i • . seUtien the untlecomposO'l pho. 

frcai aa much phosphoric ^^tte L: achl is cnablotl to nnito it^«f nt So 

phatc of lime. ,vhereby the tl't" -ontainca in the soil, ant! the nnaeconi- 

bTt:r..rr;rr« — - e— ■'■» '■“ - 

, aeticicut in any ,. .articular alkn ^ ^ eoinponnaca of a Tinj:t.ure ot 111.0.-1^10110 

•” - ; , 

B .state of powiler. 1 *!,« nature of mV -saUl invciniou, an<l the niauinr .>., 

Ana having now .leserilie.! th .iccim-e that 1 have not stated an. 

in which the same is w rtoie .'itrerent materials arc to l.e emp!-yca 
varticniar propottons >n "hie i ..-irticuVav pTopovtioris. liecaiee >u. - 

ItWesaia, ana Uo not wh^ he relative strength of the snb-tance.- 

j>r*n»oi lions must vary iii cacli case vsitu 


Fuutkk 45a. — A vi\fi:o from the British patent 9353, issued to John Bonnet I^awes m 
1842 ih<^ first practical ai^plicatioii of Biobig’s discovery that phosphates mixed 
into’thii soil wi^uld i^roinoic^ the p;rowth of plants. In. a disclaimer filed later, 
I^fawos rc^stricl(‘d his claims to the l.roatmonb of the “phosphoritic suVistances with 
brown sulphuric* acid of commerce.” 
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ings. Other imiDortaiiL sources of nitrogen in suitable eouipound form are 
dried blood (13 per cent N) , tankage (from, garbage), sewagti disi>osal 
sludge, bone meal, dried albumen, dried fish scrai)s, oil meal such as 
pressed cottonseed meal which for one rcaxson or iinotlua' tainnot bt^ listed 
as cattle food, and a number of other materials of animal origin, 

Phosiihorus is ax)plied in various forms. Pinely powdered [)lK)sphate 
rock is applied directly,^ to the extent, for example, of 50, 000 tons in 1929; 
it is insoluble in water, but weathers fast. Superphosphate with IG to 18 
per cent P 2 O 5 is used to a far greater extent; its phosphatt^ is solul>le, and 
therefore of immediate service to the plant. Triple sui)('i*i)hosphate, with 
48 per cent P-jOr,, is gradually coining into use. 

The slag from the Thomas and Gilchrist proct\^s - (*ontains (‘.alc.ium 
phosphate which is insoluble in water, but wdiich weathers inort^ readily 
than the tricalcium phosi)liate in phosphate vocl<.; it is applit‘<l diretddy 
to the soil, after powdering. The content of iron is high (7 to 10 pc*r 
cent iron oxides), but does not iiiterfei-c^ with the fertilizing propia-t i(‘s. 
The slag is very hard and must be powdercul in a spcaual ball mill with 
hard steel balls. Slag i)hosphate is of no imp()rta.u(‘(‘ in thi^ Unitc'd 
States, but it is used in Euro])e. 

Precipitated tricalcium phos])hate is absorbed by t.lu‘ plant, mori' 
rapidly than the rock [>hos})luLte ; a very finely divicU^d tricaih'iiun salt 
is the ''colloidal phosphate” from Florida.'^ Aruithei* iinj)ortant niatxM-ial 
supplying* ph.osphoi*us is bone meal. 

Potassium salts, chiefly the chloride, ave obtaincid from d(‘i)osits in 
the earth, from brine i)onds in arid regions, and other soiirta's, as fully 
discussed in this chaj)ter; they are sold in various grades or stre^ngths, 
reported on the basis of potassium oxide a convenient way to rat(‘ 

them. 

Mixed fertilizers contain nitrogen as nitrates, urea, aninioniiim salts 
or other nitrogen-containing comi)ounds; phosphorus as sup(u*i)hosphate, 
and i^otassium salts, chloride or sulfate; the order given above is tlu*. one 
generally used, so that a 2 - 8-2 fertilizer would contain 2 j)er cent iiitrogtai, 
8 per cent phosphoric acid anhydride (P^On) , and 2 pen’ cent |>otassiiini 
oxide, Iv-iO. The, forinulae differ for the several crops: for lute potatoes, 

4- 8-10; wheat, 2-12-6; sugar beets, 4-12-G; clover, 0-12-15; strawberries, 

5- 8-7. This method of evaluation in. terms of nitrogen, phosphoric acid, 
and potassium oxide is merely for coiwcnience ; the compounds actually 
present are those given above. Sodium nitrate (Chilean) may be xnixed 
with superphosphate, or applied singly. The mixed fertilizer usually 
contains some inert material, such as earth or gyixsum; its function is 
mainly to dilute, but also to act as a drier, preventing tlie caking of the 
powder. 

The mixing of "complete” fertilizers is done in a revolving mixer not 
unlike a cement mixer, or in any other type mixer found suitable; the 

3 Iv. D. Jacob, Ind. Bng. Chem,, 23, 15 (1931). 

Chapter 48. 
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scvcr^il in^:redients arc diimi')ed (horse-drawn cart) into a hopper; a 
bucket elevator feeds the mixer. The batches are of several tons each. 

The comi)lcte fertilizers refer to nitrogen, phosphoric acid (as P20r>) and 
potassium oxide; but while these three elements are the most important, 
it might be mentioned that there must be present 10 elements in the ground 
for successful growth of plants; they are: phosphorus, nitrogen, potas- 
sium, calcium, sulfur, magnesium, iron, carbon (in large part from the 
atmosphere), hydrogen, and oxygen. 

The fertilizing values may be concentrated by manufacturing for 
example ammonium phosphate, which would contain both the nitrpgen 
and the i^hosphoric acid, or potassium nitrate, containing potassium and 
nitrogen. For long shipment, high concentrations are desirable, since 
the freight on inert matter is saved. The wider use of concentrated 
fertilizers promises to be the next great development in this field. 

Ammoniated Superphosphates. There has come into prominence of 
late the method of spraying a very strong ammonia, as for example a 
hydrous ammonia with 40 to 80 per cent onto a charge of suj^er- 

phosphate contained in a revolving mixer, so that new’ surfaces are con- 
tinually exposed. The relation may be 5 parts of 'NJA.i to each 100 parts 
of superjohosphate (18 i^er cent P^Or*) . The ammoniated superphosphate 
has an increased value; also any residual sulfuric acid is neutralized, 
and the “rotting” of the bags from that cause is avoided. A mixed 
fertilizer may also be ammoniated by means of very concentrated hydrous 
«‘unmonia, delivered from a steel pressure tank similar to tlie anhydrous 
ammonia containers. For example: superphosphate 900 pounds, sulfate of 
ammonia 52 i^ounds, manure salts 267 pounds, filler (sand) 673 pounds, 
total 1892 pounds, may bo treated with 108 pounds of in the form of 

40 to 80 jicr cent hydrous ammonia. The anhydrous material is rarely 
used, for a certain quantity of water seems to be necessary in order to 
joroduce the essential grain structure, and avoid the undesirable powder 
structure which anhydrous ammonia brings about.-*' This new develop- 
ment is a result of the decreased price of ammonia, from the 25 cent level 
of a decade ago to below 6 cents a pound of jSTHjj. 

As logical extensions of this x:)raGtice there is now marketed, and 
increasingly favored, the use of a urea-containing ammonia liquor (since 
1932) containing 15.1 i^er cent nitrogen in the form of urea, and 30.4 per 
cent as ammonia (]SrH;0 , w’ith a total of 45.5 per cent nitrogen. Rivaling 
this is the sodium nitrate-containing ammonia liquor with a total nitrogen 
content of 44.4 per cent, and ammonium nitrate in ammonia liquor, with 
a total of 37.5 per cent.^'^ About 180 pounds of the urea-amrnonia liquor 
and 400 i:>ox.inds of the ammonium nitrate- ammonia liquor can be added to 
a ton of superphosphate without causing reversion. 

The ammoniation of superphosphates in this w’ay has been a distinct 
advance in the science of fertilizer manufacture. 

U. S. Patent 2,060,310. 

Com IJ tiro p- 57, report 114, TJ. S. Tariff Comn\ission, described under rending references; also 
booklets “Urt^a- ammonia Uiciuor-A” C1033) and (1936) DuPont Company, Ammonia 

Department, Wilmington, Del. 
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Sodium Nitrate Solid Pellets. It hay been round advisable' te) altor 
the condition of Ohilcau nitrate intended for ferlilizt'r niixlne:, by torniin^' 
it into round pellets, in order to remove its hygroscopic property, ''riic 
method consists of nieltinp; the nitrate at the tc'in]>c'ra,t ure oj^ not over 
350^ C. [662"" F.J, forcing; it throiie;li a filtering s(‘reen, and siu'ayin^ it 
into a eoolin< 2 ; chanilier; thei*e results a ]n*oduct consist injui; of small })alls 
with a hard outer surface, and solid throuL!;liout. Anotlu'r nu'thod-*' pro- 
vides for the incoriH)ration of 5 per cent i)otassium nit rati', inae;iH'siuni 
nitrate or ammonium sulfate, ^ivin^ a^aiii a n()n-hy^r<)seoi)ic solid hard 
pellet, well suited to the a«J!;ricultiiral drill whieh a,i)])lit's t.lu': inixc'il fertiliziM* 
to the soil. This imiorovemcnt has been carried over into the synthi'tic 
n i tr ate n i an u fa c t ur c . 

Poi wss HIM S A I /rs 

The most extensive mineral dc'posits of sobihlc' pota,ssiuin salts ar(^ 
those at Stassfurt, in (iermany, wliich supplied nc'arly all of tlii’ world’s 
requirements until 1914. Since the (dose of the war, the dc'posils in up]u'r 
Alsace (France), near Miilhouse, have been devcdopi^d uniil th(\v yic'ld 
about one-third of the Stassfurt tomia^o; thc'y are similar in nature to 
the German deposits. A tliird dei)osit of sinular (‘luu*a,cter lies in l\)lan<l, 
near Kalusz in the southeastern part, and yii'lded 2()1,31() tons of potas- 
sium salts of all .grades in 1931. The Gorman produi'tion was about. lA 
million tons for that year. A fourth producing; de\)osit is the oni' in Garls- 
bad, New Mexico, wdiich began shi[unents in 1931. 

The Stassfurt area lies in the central part of Germany, betwc'i'ii 
Magdeburg and Halle. The deposits of the potash beds arc^ at a dc'pth 
of about 1000 feet, and overlie a bed of salt (NaCd) 3000 fc'c't lliicdv. 
Over the potash beds a layer of clay separates them from a,n()th('r (l('])()si(, 
of salt (ISTaCl) of more recent geological origin, ''riirec potash layc'rs arc^ 
distinguished, of which the upper is 300 feet thick and (extends ovt'i* iminy 
square miles; it consists of carnallite MgCU - IvCU • GlliiC ) (dO^h) inixc^d 
wdth salt (20%) and other impurities. Below the ca.?aiallitc', lic's pol vha.lit(^ 
2 CaS 04 • MgSO,t • KoSO.i • 2HA>, and below this, kainiU' MgSo'i'KGl 
• SHoO. The geological history of these dei^osits is that. salt. <l(^posil.(>(l 
from sea water leaving a mother licpior whi(di gradually gainc'd in potas- 
sium salt content; a change in the topography caused tlic', isolation of the 
bay, and the lake so formed dried completely; it was during this dry period 
that the potassium salts dei)ositccl. A similar relation of solubilii.ies is 
exhibited by present-day sea water, which is evaporated for salt in the 
south of France; after the salt has deposited, the more soluble ma,gnesium 
salts with some potassium remain in the mother licpior, and ai*o run off 
because the magnesium is bitter. 

The method of mining at Stassfurt is by shafts and tunnels. The 
mineral is dislodged by blasting with black powder; it is loaded in mine 
cars and hauled to the refinino* nlant at the Tnontli nf the 

U. S. Patent 1,937,757. 

2*^0. S. Patent 2,021,927. 
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Tlic' ( fCM'inan salt^s fen* fertilizer purposes are produced in four 

grades. Tlu^ir value is based largely on the calculated potavssium oxide 
ccpiivalcnt: ktiinite, with 12 per cent Iv^O ; manure salts^, with 20 per 
cent; potassium (diloride, with '50 per cent; potassium sulfate, also with 
50 per cent. 

The (u*ude carnallitc is refined to potassium chloride by treating the 
crushed material with a hot solution of 20 per cent magnesium chloride, 
from a }>revious operation. In this solution, the salt (NaCl) is insoluble, 
and is left behind with calcium sulfate and other impurities; from this 
solution, }:)otassium chloride deposits on cooling. The mother liquor is 
concentrated and gives on cooling a lower grade of potassium chloride 
utilized as manure salts. The first crop of potassium chloride may be 
refined further by washing with cold water; this further treatment is 
applied only to a limited quantity.^ 


FioukBv 46. — Map of the Per- 
mian ]:)otash field in Texas 
and ISTcw Moxic;o. (Courtesy 
of the Department of the 
Iniei'ior, IT. S. Geological 
Surv'oy.) The dots and nu- 
luerals mark tesL drilling 
locations. 



The Alsatian deposits consist of two strata. The upi:)cr one is about 
3 feet thick, and contains 35 to 40 }:>cr cent potassium chloride; the depth 
is 1500 feet below the surface in one section, but greater in others. The 
low^cr layer is 7.5 to 16 feet in thickness, and lies about 50 feet lower; it 
contains 24 to 32 per cent i^otassium chloride. Both layers are essentially 
sylvinite, KCl - jSTa.Cl, containing sodium chloride as impurity, and clay; 
tlic purification is by cr^T^stallization, and leads to potassium chloride 98 
per cent pure (or with 61 per cent K:>0 content) . Lower grades are 
obtained from motlicr liquors; a j^art of the mine product is shipped after 
mere crushing. The grades marketed arc: Sylvinite, 12 to 16 per cent 
K^O ; sylvinite rich, 20 to 22 per cent or 30 to 32 per cent; potassium salt 
(.seZ de potasse) ^ 40 to 42 per cent; and potassium chloride {chlor%ire de 
potasse) , 62 per cent K^O. The first two are crushed mineral; the last 
two have been concentrated by solution and crystallization. 

To the north and nortliwest of the Stassfurt basin potassium saTts are also found, in Hannoyer, 
Ri'auiiso.hwoiK and Mecklenbur#^ ; these deposits are smaller, and consist chiefly of sylvine or sylvinite, 
KOI . NaCl, more or less pure. 

^ “The Alsatian potash industry," Henri Vigneron, Chem. Met, Eng., 24, 655 C1921), with 

16 illustrations. 
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The American dei)Osits lie in the sontiioastern i)art of Now i\lo:?^ico, iu 
Kddy and I^ea counties, and in the neighboring^ (‘ounties in Texus, I.c'^vinji;, 
Winkler, Ector, Crane, Upton, Reagan and Crockett. [iScr. Fig. 40 . ) The 
deposits are of Permian age. The area covers iiiuiergrcnind deixisits of 
rich potassium salts, chiefly chloride; in Eddy C^oiinty, thc're arc luimoi’- 
oils beds (10) at depths between 800 and 1762 feet below tlic' s^uid'ace, 
varying in thickness from 1 foot 2 inches to 4. feet O inches, and having 
an arithmetical total of 36 feet, {See Fig. 47.) The potassium niinerals 
are sylvinite (the richest), kainite, and some polyhalite. At a dc'pth of 
1267 feet, the lied is 3 feet 6 inches of sylvinite; at 1311 f('et another 
deiiosit of 3 feet occurs, consisting of sylvinite iiiid polyhalift' ; while at 
1365 feet depth, a 2-fcet thick bed of sylvinite is avaihibU*. A sha ft. sunk 
near Carlsbad, New Mexico, serves a mine ojicviiting siiu'e 1931; in that, 
year, a large tonnage was produced, with a content of 25. (> per caait KiiO. 
The mineral was higher in potasli than the tost (‘ores had iiulicatc'<l. 


FK.iTitK -17. Pr().i('c*l.<*( 

S('C’(i()ii of P('rnii;ii 
pot :i H 1\ fK‘l< I iu 
''r <' X a s M i\(I N ('w 
IVlt'xico. < I )('] i’* - 
iiK'iit of tlu' In- 
t('ri( )r. It S. ( Jc'o- 
logit*;il Sur\’(\v.) 


In addition, there are numerous beds of poly halite^., an inipur(‘ i>ot.as- 
sium sulfate, averaging close to 10 per cent Ki>U, at depths of 1100 to 
2752 feet under the surf ace. The thickest bed is 15 feet 6 in<dic\s, at a 
depth of 1459 feet, with 8.8 per cent RiiO, in Pklciy County. ''Phe <l(H‘p<\st 
down is in Winkler County, Texas, where at 22567 feet. (le[d.h, a Ix'd of 
9 feet 8 inches occurs, witli 7.23 per cent IvnC, nnd just over it, nt 2257 
feet depth, a layer 6 i'cot thick is found, with 1().()3 per cc^nt, Ko( The 
richer mineral tapi)ccl by the Carlsbad shaft luts not l)een foxiiid in the 
Texas counties. 

A refinery has been erected at Carlsbad, N. M. (Potash Comixany of 
America) in which a flotation method is xised for the seiiarntiori of potas- 
sium chloride from its valueless companion in sylvinite, sodium (‘^liloridc. 
The production is near 100,000 tons of KCl, with 60 per cent K^O. 

The New Mexico and Texas deposits were i:)robod during and since 
the war, by private citizens and by government agencies. Tho Mul- 
house deposits are due solely to private enteri^rise; they were discovered 
while searching for petroleum, before the Avar. 

Potassium Salts from Brines. Besides the important mineral dc- 

J iMJWisiuio cxplOl^a^}lon or uio polyhiilito boclH, it rnieht notcwl tliati potaKSium 
m thp form of the sulfate is the preferred, foini for the fertilization of the ciitrtis fruit crop. H. It. 
Storch, Jnd. JS7ig. Ch&m., 22, 934 <1930); Everett E. PartriclffO, Xnd. Eng. 24, R96 <1032). 




8. FERTILIZERS, POTASSIUM SALTS, UREA 


153 


I)ositiri of Alsace, southeastern Poland^ New Mexico and Texas^ 

briiic^s from lakes in dry areas furnish potassium salts. Of the numerous 
entei‘i)rises be<^un within the United States during the war to relieve 
the shortage due to the blockade of German seaports, only one survived, 
tliat of the Ainevican Trona Comiiany at Searles Lake,^ in the dry desert 
between California and Nevada. This lake is really a deposit of solid 
salts with a brine permeating them; the salts are stiff enough to carry 
a dirt road. The brine is pumped to the plant, concentrated in triple- 
effect evaporators 86 feet high, in which common salt precipitates; the 
concentrated liciuor on cooling deposits crude potassium chloride, which 
is refined to contain 60 per cent K:>0. Borax is produced from the same 
brine, by agitating it, after the potassium salts have deposited in the 
quiet liquor. The output per year is about 50,000 tons of high-grade 
i)ota>ssium chloride. Up to a few years ago, the bulk of the world^s borax 
was produced from colemanite, CaoBcOn • 5PIi>0, by decomposing with 
boiling sodium carbonate, filtering and crystallizing. I.)eveloi:>ment of 
Searles Lake brine witli its additional products of potasshim chloride 
and sodium sulfate made it i^ossible to x^roduce borax cheaper than from 
colemanite. However, at about the same time, extensive do]')osits of 
rasorite, NaoB 407 • 4HoO, were discovered near Kramer, California, which 
are now mined, the ore shipped to Los Angeles Harbor, dissolved in water 
under heat and x^^’^ssure, strained, filtered and crvistallizod as i)ure borax, 
NaoB407 • 

The ]:)roductiGn of crude borates from all sources was 272,967 tons, 
valued at $21.40 a ton (U. S. 1935). 

A similar brine from a drying salt lake near Zarzis in Tunis is the 
basis of a growing industry."^ The exx^loitation of the brine in the Lead 
Sea is now under way. The x^roduction is to be at the rate of 1000 tons 
annually for nine years, then 50,000 annually for the next ten years. 
The relative sizes of the sources already discussed may be indicated by 
the reserves, figures for which arc as follows: Stassfurt, 8 billion tons 


Scarlea T^cike. 


Ooriiposition of Searles Lake Urine. 


ISTaCl 

16.35 

ISTaoSO-t 

6.96 

ECl 

4.75 

ISTaoCOa 

4.74 

*]SraoB.,07 

1.51 

**Krar,PO.j 

0.155 

N'aBr 

0.109 

jMiscellaneous 

0.076 

Total Solids 

•XA fis; 

Water by diff. 

65.35 


!Per cent. Hy weight 


Equiv. to 2.86 per cent > 5 'a 2 B.i 07 - lOHCoO. 

** EQiiiv. to 0.067 per cent PoOr,. 

The American Potash and Chemical Corporation uses vacuu.xn crystallization extensively, Csee 
Perry, ' ‘Cheniical Engineers Handbook,*' p. 1486), saying space, circulating water, and material 
in process- Heat exchangers are used everywhere, utilizing the heat of vaporization of vapors from 
the crystallizers, heats of solution of 'various salts, and other heats. This is one of the outstanding 
examples in the country of the practical application of solubility diagrams, phase rule, and other 
physico-chemical data. 

See furthermore Ind. Eng. Chem., 10, 839 (1918). 

The Amc'.rican Trona Corporation is now the American Potash and Chemical Corporation, 233 
Broadway, NTew York. 

Chem. ]\dCet. Eng., 42, 430 (Aug., 1935). 

1 1^. 2737 ri919'> 
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KoO ; Aliilhoiisc ba>sin, 350 millions; .Oead Sea, 2 l)illi()ns, and St'arles 
I^ake, 20 millions. 

There are other mineral sonrees t>f polassinm. Alunitc^ .K-A1<; ( ( ) 1 1 ) 
( 804)4 mined and \vorke<l for i:)otassiinn sulfate^ in Sulphur, Nevada, 
and Alarysvale, Utah. On roastin^i;, the aluminum sulfaU' is det'ompost'd, 
and the t)otassiuiu sulfate may he lea<‘.hed out."^ heinutt' ( KN a ) AlSi^^Ot; 
is successfully worked for i^c>tassium in It illy by nuains of hy^lroc'hloric 
aci(L Oreensand of Nc'w Jc'rsey (Odessa, l)t‘l.), sluih's in \\'vomin<j!; and 
other states, and feldspai*, contiiin potiissium. "^PIk' nili’ad' d<*posds of 
Chile contain potassium, aiul tlua-e is now rec‘ovia'ed a 25 i)er cent KNO.> 
material, by means of a si>c‘ci:il process; in caise of nc^ca's-^i t y , this uu‘thod 
of working could be applied to iill tlu' C-hile nitrate* produ(*(*d, and with 
normal production, a]>proxinuitely 300, OOO tons a yt*ar potassivun nitrate* 
could be obtained. Other deposits arc' in S])iiin, Abyssinia, ('a.na<ia and 
Russia. 

In 1935, 76.4 jicr cent of the' world ]>ro(liu*t ion of potassium salts from 
minerals or brines was the Oerman-French one*, and of that proc lu<*t ion, 
the United States imiiorted 13.9 ])er cent. 

Asides from miiun'als iind brines, potassium salts ar(' obtaiiU‘(l by col- 
lecting the flue dust whic'li ixisses out of the (•c‘mc‘nt. kiln,-^ 1 )\^ means of a 
Cottrell ])recipitator ; it is c'stimated that 2 to r> lbs. of Ki^O may be rc‘eov- 
ered fc^r each barrel of eemc'nt made*. I^^)r ihc' iron blast furna(*(' similar 
installation indicate that 17 lbs. of IvoC) may h(‘ const‘r\'<*( I for (‘a<*li 
ton of pig iron manufactured. The* ashes from fernu'nli'd molassc's resi- 
dues, aKshes from tlie si)C'nt pulj) of tlu' sugar Ik'c*! (7()()() tons >'<‘ai*ly), wool 
washings, and kelp iU‘e (*oinnu'reial source's for iiotassitnn (*omi loum Is. 

Potassium niti*ate may be usc'd for fertilizing; it, has ilu' advantagt* of 
combining two of tlic^ essc*ntial c'lc'mcni ts. Fornu'i’ly ilu* (*xt ra.<‘t i< >11 of 
X^iotassium nitrate from the niipc'i* layer of the. soil iu'a.r stabU's was of 
some im]U}rtance (India); thc^ constant ri'forniation of nil ra,t is diu* io 
tlie growth of bactei'ia. Potassium nitrate ma-y be made* by doubh* (h'com- 
position of ])otassium c'hloridc' with sodium nilrale: KC4 • f- NaNO.-i 
KjSrOrj H- TSTiiCl. Solid potassium c^liloridi' is addi'd to a, strong; hot. solu- 
tion c^f sodium nitrate; sodium chloridt' first s('paral.('s, thc'u on cooling, 
potassium nitrate, crystallizers. 

Another method is to pass nitrogen pc'roxidcr into a pot,assium <‘lilo- 
ricle solution.^ 

In tlie Kooban iirovince in southern Russia, externsive planta,tions 
of sunflowers furnisli stalks which are aslied and then (rxlraci ed for ]>otash; 
the production is over 2 (),()()() tons a year.^^ 

Potassium salts are iilso in demand in thcr chemical industriers, for the 
reason that the potasshnn salts crystallize well as a rule, whikr the sodium 
salts do not. As a result, it is easier to separate ])otassium <‘oinpoiuids 

« Ind. JSng. Chem.., 10, 838 C1918). 

» Ind. JSriff. Chom., 10, 834 (1918>. 

Ind. /Sna. Chem., 23, 1410 C1931). 
ahem. Met. BVf/., 30. 501 (1924). 
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from otl)cr reaction productvS than it is to separate the corresponding 
sodium comi:)onnds. Purification by crystallization is also easier for 
l)otassiiim compounds tlian it is for sodium compounds. Examples of 
i:)otassium salts manufactured on the industrial scale in preference to 
the sodium salts merely because the former crystallize with ease, are: 
potassium permanganate, dichromate, chlorate, and ferricyanide. In 
some cases, the potassium compound is preferred because the correspond- 
ing sodium compound is hygroscopic; in still others, because of the specific 
action of potassium, differing from that of sodium. 

The United States arc still imj^orters of potash salts; in 1935, 603,595 
tons of salts were imported, with a content of 241,510 tons of KoO. The 
domestic i^roduction from all sources was 357,974 tons of salts, equiva- 
lent to 192,793 tons of KoO. It is estimated that the capacity of the pres- 
ent mines and plants is sufficient to supply the domestic needs. Imports 
will probably continue in the coming years, because the cheap ocean 
freight rates give German-French potash an advantage on the Atlantic 
coast, and because the low-grade salts seem cheap to the agriculturist, 
although on the basis of K:>0 content, they may be dearer than the more 
concentrated form. See Table 16 for world production statistics. 


XABLii 16 . — World Prodiiotioii oi/ Pota><h in Metric. 

( Dureau oj jMbien). 


Tons of iv-O C 

Pt'r Ooiit of 


Govniany 

Franco 

IJnit.ed States 

Spain 

Poland 

Palestine 

All other 

Total for world 


1.393.000 

61.1 

347.300 

15.3 

174,897 

7.7 

121,372 

5.3 

71.539 

3.1 

12,000 

.5 

10,000 

.4 

2,280,000 

.... 


ISTaTURAI. OrGAjSTIC FKRTinTZ.KRS 

By-products of the packing industry wdiicli arc of value as fertilizers 
arc dried blood, bone meal, and tankage. The fisli industry contributes 
fish scraii. In a number of other industries there are by-products wdiich 
serve x^rimarily as cattle feed, but if, for any reason, they are unacceptable 
for that x:>urposc, they may be of value as fertilizing agents. 

In the slaughter iiouse, the blood is pumped to a coagulating tank 
with a conical bottom. -It is cooked until coagulated, and of the con- 
sistency of liver. On standing a few hours, a sei:)aration takes place ; 
water settles out at the bottom and is drawn off. The coagulum is 
pressed, dried, and powdered; it forms a dark reddish meal. It is either 
sold as such, or it is mixed with potash salts and phosjihates to make a 
rich fertilizer. 

Bones are cooked in open tanks, or steamed under pressure; in either 
case, grease is removed. The degreased bones are crushed and powdered. 

Tankage is used primarily for feeds; it is a brown meal, containing 
9.5 to 11 per cent nitrogen as ISJTHa and 12 to 20 per cent of bone phos- 
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pluiii* of lime. Applied to the soil^ tankage decanni^oses more slowly 
than dined blood. Fertilizer tankage is prodneed from meat s(a*aps, 
intestines, bones, and carcasses of dead or condemned animals, by (u>ok- 
ing under a steam pressure of 40 lbs. for 4 to 12 hours. (Irease and 
tallow float to the surface and are removed; the solids are separated from 
the ta.nk water, and ground. The tankage still (a)ntains 10 to 20 per 
(‘('lit gi'ease whicdi is generally removed by naphtlia, l>idore it is stnd, out 
as a fertilizer. 

(Iviano is a niixture. of thirds’ excrements and fisli bont's and otlu'r fisli 
rofnse, found on certain islands off the l^ernvian (a)ast, where' tlu' rainfall 
is slight. The deiiosits are siirt'acc depeisits and a.rc' still in pro<*ess of 
formation, but their imiiortance as tt> tonnage has <l(.‘ereased. Their 
quality has also decreased as the materials ri<‘li in urc'u. and ammonium 
oxalates arc practically exhausted. (Uiano is fouml ami mined in otlu'r 
localities. 

A nitrogenous material is prodiiee<l from ae.tivatc'd sludgi' in sc'wag(' 
disposal plants; such a matc'rial is .Milorgaidtc', descu’ihed in (dianter 13. 


Wyntiiiotio LJuioa 

A nitrogenous material of synthetic origin is syn(.het;ie. urea, NIIo . C'-O . 

NH:, 

NHo; in solution ihs forimila is more probably HN : C"<;| . Its nitro- 

O 

gen content is remarkably high, namely 46.6 ]ier cent for tlu^ piirc' sub- 
stance. It is being manufactured in Clormany and in tlu'. Unit('d State's 
on a large scale. The suitability of syntlicti(‘. urea UkS a plant, food is just, 
as good as that of tlic natui’al urea in inanurc^s. 

The process of Carl Bosch and Willicim Moiser <*onsist,s in passing 
the mixed aminonia and carbon dioxide gases, with sonu^ moisture^ into 
an autoclave held at to 140^ C. (266^ to 284^ F.) ; a-mnioniuin car- 

bamate jN'Ho.CO.ONIT 4 forms first, and is transformed into ur<‘a. ( Kig. 48.) 

2NIT -1 CO, NH, .CO .ON II..; and tln'ii, 

(tftt.inn n iiitti 

Nil, . CX) . ONII. =5^=-:= NH, . (X) . Nil, I 11,0. 

The conversion is iilnnit 40 per cent, an<l there is <lisehurjj:e(l from the 
autoclave, continuously if desired, a molt which is intro<lue('.<l din'-etly 
into a plate still. Steam enters at the base, and drives out the un<‘.t)m- 
bined ammonia and carbon dioxide, while a solution of uren is <lischarged 
at the bottom of the still. It is concentrated and cryatallizetl. 

The make-up gas may be conveniently introdiiced by rtmning a solu- 
tion of ammonium carbamate into the tipper part of the column ; the gas 
driven out is compressed in wanned comitresaors and conveyed by warmed 

“ U. S. Patent 1,429,483. 
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Figure 48. — Synthetic urea storage pile, at the Leuna Works, Oermany. 
(Bourke-White Photo from Pictures, Inc., New York.) 


lines to the autoclave, in order to prevent the deposition of ammonium 
salts. 

The Krase nrocess provides for the introduction of liquid ammonia 

5 “A. direct syntlietic urea process,*' by JEI- J- Krase, V. L. Gaddy and js^. V:*. Ana. junff. 

Ghent. 22, 289 (1930). 
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axid liquid carbon dioxide into an autoclave. Alodifuaitions l>rovidc 
for ncntralizin^ unc*han^o<i axnmonia wit h phosi>hoi-u* acid, pro<lu<‘.inp; 
a concentrated fertilizer containing two of the essi^ntial (dcMucMits. 

The fignres in Table 17 will indicate the relalivt^ iui])<)rt aiu'e of 
several fertilizer niatei*ials. 


TAHia'] 17. — 1 nt }>iirt iinr(' (jf Fi'riilizi'r jM (lUArt). 

(Hurettit (jJ Uir ) 

Pi-dduclitiM 


rt'rtiliziTS ''runs \’:iliii* 

Made in all iudii.st.rias S11(),MS(),1 12 

Made', in rorliliy.ev industry 

Made as secondary products (),{>2(), nit 


Fisli sen L p 1 00 ,2 1 1 

Bono meal 

Ta.nkai*-e 20:j,2(>9 

Siipt'vphos] )hat (' 

"rotal 2,<)<)S,5(>0 

Produeod for sale' 1,()7S,00() 

Other ft'rtilizers lS7,tSM2 


20.50 a ton 
25.20 a Ion 


0.15 a Ion 
2.S.70 a ton 


The avera<>;e price for domestic potassium salts for fco-t iliz(‘r pur- 
poses exclusively in 1935 was $12.27 a ton (2000 lbs.), and its av<.'rap;i^ 
Ki>0 content 55 per cent. 

The average price for all fertilizers, whi(di amoiinte<l to (>.2 million 
tons, was $18.90 a ton in 1935. 

The developments in the nitrogen industries arc^ part, of a study of 
the general field of fertilizers; these develoT>inents hav(‘ bcnai pri^scaited 
in Chapter G, and many statements and figure's of ])rimary iiit.(‘r(‘st, to 
the fertilizer field are inclnded there. 


Ot 1 1 Ku 1 ^ ATi: N ’r s 

U. S. Patent 2,074,880, molocailar addition compound of <*al(Muni snlfalo mid 
urea, CaSO.i . 4CO (NPI:j)ii, made by rt'acl.inj*; mixturtis cajusisl inj^* of (*alcium Hullale 
dihydrate and nrea in a saturated atpuams nrea sohition. ''i'lio followinji: U. S. 
Patents have been a.ssi^necl 1o the Timnessc'c^ Vall(;y Anlhorit.y: 2,037 ,3()<>, on inaiin- 
facture of ammoriiatocl supcrphos])hat.(' ; 2,040,081, a,^'^loni(‘ratiou of fint* plvospliat-t^ 
rock; 2,043,328, manufacUire of dic.alcium pliosi)ha.l.<'; 2,01-1 ,77-1 , tU'aliujL!; j )li( )Splia.U^ 
rock to eliminate fhiorinci. 

l^JtOHld^iMS 

1. What is the hif 2 ;host xierctaitagc' of K-t.) which any pol.a.ssiinn chlorid(* pr(^])a.- 
ration can contain? 

2. One hundred tons of miner al eont aininj!; 59 per cemt of ciirua Hi to pass IhroufAli 
the refinery and are made into crude ])otassium (4ilorid<^ eout-a-ininj*; 4S pta* cent. Ki-t ). 
If the recovery is 72 x^^'r <-ont, how many tons of criuh; pol-asHium chloride will he* 
obtained ? 

3. Fixed nitro^on in thc'i form of 90 jier c-ent urea totaling 1000 in(»tric t.ons of 
nitrogen are ordered. How many iiounds of niatcu'ial will liave^ t.o hi^ shipptMl? 
Make the same computation for commercial ammonium sulfatt', C/hilean nitrut.<', 
assuming for each 96 per cent 

4. 2000 xiounds of rasorite carrying 8o i>er cent NaalliOr . 4lhO, art' tlissolved, 
filtered, and rim to the crystallizer as a 25 per cent solution of liorax, NjikB-iOt. IOIT 2 O, 
at 150° F. After cooling to 100° F., th(^ crystals are cc'ntrifugtHl and go to tht' drit'r 
carrying 5 per cent moisture.. The mother liquor contains 8 per cent l>orax. What 
yield of diy- crystals is obtained? 

U. S. Patents 1,797,095; 1,782,723. 
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The 'tnanujactxLTe of Portland cement hafi become an important ■in- 
dustry; in 1935, the 'production unis '24-'3 ■million tons, for tin: l>nited 
States. Gypsxtm in the same year was mined to the extent of 2.5 million 
taxis, xehile the Lima produced xras ■B.S million tons. These, three indus- 
tries arc noxo recognized as es.sentially chemical. 


Chapter 9 

Portland Cement, Lime, and Gypsum Plaster 

The tremendous expansion of the Portland cement ^ industry in the 
last twenty years is due to extensive road-building programs, to the de- 
velopment of reinforced concrete construction, and to tlu^ a<laptability 
and uniformity of the iiiuterial. Cement roads are perniancmt,, and their 
ui:)keep practically nil. Reinforced concrete pcirniits the coiistriuh.ion 
for instance of a horizontal platform bridging the spac't'^ between two 
walls, capable of carrying heavy loads without other sui)port, than itself. 
ISTot only walls and piers, but girders of concrete are now frcn^ly used. 
Bridge piers, tunnels, dams, and canal w^ills are built of <‘.on<*rt‘te as wcdl 
as sidewalks, steps, garage and factory floors, and building foundations. 
One reason for the almost universal use of Portland (annemt is i\\v. (u)ni- 
parative ease of working it (pouring) ; another is its strtaigth, whi(‘li 
increases with age; a third is its uniformity, which permits (‘ah^ulat.ions 
of strength .as reliable as those made for stimctural steel. 

Portland cement is a greenish-gray, inii>alpable - i>owd<n’. Its c^ssc^i- 
tial constituents are lime, silica, and alumina, whicli arc‘ (‘.oinbiiu^d to 
form tricalcic silicate, 3CaC^ . SiOo, tricaleic aluminate, 3C -a() . and 

dicalcic silicate, 2CaO.SiO:>; these arc unstable coinpt)unds, whic-h on 
being wetted, rearrange, with different speeds. Tricalcuc*. silicate acts 
rapidly, forming gelatinous calcium hydrate and gedatinous silicon, a.nd to 
this change is clue the initial set whicdi occurs in 3 hours; tlu^. hydration 
continues, the gelatinous material binding tlve grains of sand which arc 
always added, and thes crusliod stone filler, to a ha,rd mass. ^Pricalcic 
aluminate acts with the same rapidity as tricalcdc- silic.at-c', but cloc-s not 
produce a strong bond. lOic.akdc silicate acts only after months have 
elapsed.'^ The hardening of Poi'tland cement continuers for years, and 
the concrete made from it increascis in strength. As time passers, the 
gelatinous calcium hydrate crystallizes, adding a further element of 
strength. 

In mixing water with Portland cement and stones, to giv<r the con- 

^ The nnme was given by Joaftph Aaixlin, bocau-se 'tlie eement he iruiclc in 1824 yielded 
stones resemblinfc those Quarried iietir Portluiul, Kn^hintl ; his ci'jiient is t.lu* lu-ol.otype t>f the 
prosenfc IPortland ceirumt. 

- 1^0 gi'ains can be. felt between the fingers. 

^ There are four forms of dicalcic ailicatct all of which occur irt Portland cc>,n:iont. The 
major one, however, is /9-2CaO . SiOo. 

_4 The complete statement regiirrling the constituents of Portliirul cc^inent will be» found in 
"Properties of the calcium silicat€*.s and calcium ahiminates occurring in normal Portland ceanent/' 
by Bates and Klein. Technologic Pa.'per 78, Bureau of Sl^onditrds, Washington C1817). Two 
thorough articles on this study are: K. S. Shepherd and Q. A. Bankin, Jntl, ICng. fVtcm., 3, 
211 C1911>, and CJ. A. Rankin, ihid., 7, 460 C1916). 

360 
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Crete, 4 to 8 gallons of water are used per sack of cement; not more than 

gallons will chemically combine with each sack of cement, to become 
part of the structure. The rest evaporates. Too rapid evaporation is 
undesirable; it is retarded by keeping the surface covered with straw, 
and by ^vetting it (curing). The purpose of curing is to prevent evapo- 
ration until after hydration has proceeded w’ell along to completion. 

The setting of pure Portland cement is so rapid that, uncontrolled, 
the cement would be useless; the addition of small percentages of cal- 
cium sulfate (as gypsum) gives the desired retardation. The initial set 
of pure cement occurs in 6 minutes; 3 per cent of gypsum lengthens the 
period to 3 hours. 

In the manufacture of Portland cement the iiroportions of lime 
(generally as limestone), alumina, and silica (as clay or shale) arc 
carefully adjusted, and the mixture is sintered; in natural cements a 
suitable rock is generally used without admixture, so that the comi^o- 
sition is variable, and there is no sintering. Considerable amounts of 
Portland cement are made from the iron blast-furnace slag. 

Portland cement sets under fresh water as well as in air, it is there- 
fore also a “hydraulic” cement; for sea water, its iron content should be 
raised to several parts per hundred. 

Raw Materials. Timestone and cla^^ are the necessary raw materials; 
pure limestone is not usually chosen, except for adjusting tlie final mix- 
ture; rather argillaceous limestones, which arc more common and \vhich 
cannot be used for making quicklime, nor in the blast furnace, are 
used. The “'cement rock” is such a limestone, which contains the neces- 
sary constituents in proportions so nearly right that only slight adjust- 
ments are necessary. The plant is erected as near to the deposit 
as possible ; the rock is hauled perhaps 1000 to 2000 feet in the most 
favorable cases. The material is blasted in the qui^.rry,** and brought 
to gyratory crushers,'^, which reduce the rock to egg size. The addition 
of correcting amounts of limestone, for example, takes place at this 
stage. The properly mixed materials are generally dried in a short (40- 
foot) rotary furnace with inside heating, then crushed further in a 
swing-hammer mill,'^ sieved, and finally pulverized in a Raymond suction 
mill,'^ or similar pulverizer. The material ready for the furnace is of 
such fineness that- 90 per cent will pass through a 100-mcsh sieve. The 
relative proportions of raw materials must be such that the analysis of 
the final cement falls between the following limits: 


kime 

CaO 

Limits 

Per cent- 

58-65 

Average 

61. 5" 

Silica 

SiOa 

20-25 

22.5 

Alumina 

A.1203 - 

4-11 

7.5 

Magnesia 

MgO 

0-4 

2.0 

Iron 

FeaOs ........... .. 

0-4 

2.0 

Sulfur tri oxide 

SO3 

0-1.75 

1.0 

Alkali 

NaaO, KaO 

0-3 

1.5 


5 Examples; Bath., I^azareth, Martin’s Creek, near Easton, Pa., and Alpha, just across the 
river in New Jersey. • j v 

® W'hich may be a hill, such as at Martin’s Creek. 

Chapter 44. 
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Iiiir^tead of limestone, marl, a deposit of a e;ool()^i(*ally nioi’e rc^eent 
origin, may be used; in such a case, it is often conveyed, wc't, tlirougli 
pipes to the plant, and ground wet; the clay is then also ground wet. 
In tlirec plants, oyster shells and clay are the ra.\v inatc'rials. After 
mixing and settling, the materials are shaped into hri(*ks wliich are 
dried before they arc sent to the furnaca^, or the slurry ma,y he fed 
dh*cctly into the kiln, to be dried by the outgoing ga.sc's ; in the lat t er 
case the furnace is lengthened. Both wet grinding and dry gi-inding arc', 
tlie practi(*c> in the United States, with the 149 o])('i*at ing plants t I Or'lfS ) 
abcnit ccpially dividcKl. Tjimestone and clay are the more' frt'<nu'ni, (* 0111 - 
bination, roughly 3 parts of limestone to 1 of clay. 

Inuring the furnacing therc^ are lost carbon dioxides and wa,tt‘i- of con- 
stitution, so that there is a shrinkage in tlic'. niatc'rial obt aim'd; it is 
usually estimated that 1.7 tons of i aw materials piaxhu^e 1 ton of cc'inc'nt . 

The slag from the iron blast furnac'c may bc' so adjustcxl tliat. it is 
well suited fc'»r the manufacdairc'. of Portland cenu'.nt; it is inixc'd with 
limestone, with i)Grhaps another addition to reac*h the dc'sirc'd pc'rcx'ii- 
tages, and hirnaced as the rock mixtures are. Thc^ shi*inka.gt' in t.his <‘as('. 
ivS somewhat smaller. 

Tabi.k I 7 ii. — OL^iribiit ni< (<> R.aiv j\/ aCeriai^ 0 / f he. Rhin Ry< xf nef n>}i 

of Portland Ccynont in tfia ll}iit<'d- SI <il 


P<'r ri'iii. of t.f >( :i 1 

Coiaout rock and piiro liinc^stono 

Liniost.onc^ and cjlay or shalo 

Marl and clay 1 .1) 

Blast fiirnac.e shig and liinest.ono S.I> 


* Burctiu of jMiiios, Statisiicsil anti Kctmoiiiic Siirv'-(\vs. 

The Portland Cement Rotary Furnace. The furnace^ gc'iu'rally usc'd 
in the United States is a brick-lincd steel cylinder, slightly imdiiu'd 
from the horizontal; it is mounted on idling wheels of small < lianu'l c'r, 
and carries a gear wdicol meshing with a pinion wIuh'1 whicdi rota-U^s 
the cylinder at the rate of onc-lialf to two r.i>,m. ac.<x)rding t<o sizcu 
The operation is continuous, raw material is fed in a,t the iipptu', cohh'-r 
end, and the clinker is discharged at the low'or, hok end. 'The flanu^ 
is formed by pulverized coal, atomized oil, na.tural ga,s, and sonu'.- 
tirncs producer gas, at a burner placed in the stationary hood Int.o which 
the lower end of the cylinder fits. The hood acts also as receiving box 
for the discharged material, called the clinkers. An <^xt.ension of Ihc^ 
stationary box reaches into a smaller cylinder: inclined from tlic; hori- 
zontal in the opposite direction, and also rotated; as a result, thc^ c'rnikors, 
after reaching the smaller cylinder through the chute, move forwjii-d 
toward the discharge opening. A current of air sweeps over the clinkers 
and enters the burner hood, there to become the air of combuvstion for 
the fuel; by preheating the air in this way, the temperature reached in 
the hotter end of the furnace is raised, while at the same tiino the 
clinkers are cooled. At the opposite end of the furnace, a similar sta- 
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tionary hood is provided in which the raw material feed and an outlet for 
the fire gases are provided. These gases are usually passed under boilers 
before reaching the stack. 

The size of the furnace has been constantly increased. Originally 
the external diameter w'as 5 feet, the length 60 feet; since then, furnaces 
with a diameter of 10 feet and a length of 240 feet have been built and 
oi^erated with complete success. The intermediate sizes, 100 to 150 feet 
long, are the more common. 

As the raw materials travel from the colder end toward the flame, 
they are gradually heated, on the counter-current principle. The tem- 
perature in the various parts of the furnace varies; in general three zones 
may be distinguished, and in each, a definite process takes pla(*e. Re- 
fei-ring to the illustration (Fig. 49), zone A is the upper tiiird of the 



KiiiOKK 49. — The rotary Portland cement furnace; F, pulverized coal 
burner; II, leetl bin with conv^oj^or ; 7>. ' discliargo of clinkens; <L 
passage for fire gases to boilers and stack; for zoiic\s H, and C, 

S(‘e tf?xt. 

furnace, where the materials are warmed to red heat ; any i*emaining 
water is driven out in this zone. In zone B, the middle zone, the tem- 
perature averages- 1000"^ C. (1832° F.) ; the carbon dioxide is expelled 
from the limestone. In zone C, the maximum temperature of 140° or 
1420° C. (2552° to 2588° F.) is reached; the mass partly fuses dn this 
zone and forms small clinkers, like gravel (incipient fusion) ; it is in this 
zone also that the valuable tricalcic silicate is formed. The total time 
the charge requires in order to x:>ass through the kiln averages one and 
one-half hours; hence it remains in each zone half an hour, with constant 
agitation. The flame from pulverized coal or gas is 35 feet long (aver- 
age) so that essentially all of zone C is at the maximum teinjoerature. 
The rate of travel of the charge depends upon the rate of rotation of 
the furnace; faster rotation gives greater output. A furnace 9 feet in 
diameter and 160 feet long produces about 1000 barrels (at 376 lbs. 
each) a day.^'^ The output of a furnace 10 feet in diameter and 240 feet 
long, fed with slurry, is probably 1500 barrels a day. The clinkers are 
discharged into the cooling cylinder below, but even after this cooling 
they are at red heat and must be left to cool in heaps on the floor. The 
fuel consumption in the kiln, in the case of coal, is 120 lbs. of the best 
bituminous coal per barrel of cement produced.^ 

® Ind. Eng. Chem.., 18, 912 (1926), -article by Richard Iv. ,j\reade. 

® “Cements, Limes, and Plasters,"' E. C. Eckel, New York, John Wiley & Sons, Inc., 1928. 
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After cooling, the clinkers are disintegrated by a swing-hammer 
mill for instance, and pulverized in a Raymond suction mill^*^; the 
gypsum is added at the swing-hammer mill. The fineness of the powder 
is very important; it is made such that 92 x>er cent i^asses through a 
100-mesh sieve, and 75 ]->er cent through a 200-iuesh sieve. The tend- 
ency is toward even greater fineness. The cement ])owder is stored in 
tall concrete chambers or silos. It is shipped in barrels holding 37G 
lbs., or bags holding 95 lbs.; the latter retails at 90 cents or less per bag. 

Portland cement meets specifications and tests which iuivc^. become 
official.^ ^ The neat (unmixed) cement must have a tensile sti-ength of 
500 lbs. per square incli after seven days; the cement mixe<l with 3 i)arts 
of sand must have a strength of 200 lbs. after the same i^eriod. 



Fioitkk 50. — Port hind cemont furnaco wil.h clinkor pit, showing; furiuiot' liriiiifi;. 


The strength of concrete, which means cement 1000 lbs., sand 1500 
lbs., and crushed stone 3000 lbs., is greatly increased by imbedding in 
it twisted square steel bars, or wire netting similar to fem*ing; it is 
then called reinforced concrete. 

Magnesium fiuosilicate,^- MgSiFc . in solution, is a|>plied to the 

surface of cement roads and walls in order to i^rotect them from weather- 
ing; such protection is not absolutely necessary, for tlie cement structAiro 
is permanent wdthout it, but the surface becomes smoother and the 
weather-resistance i3rox)ertie^ arc increased. Vipes for sewers, as large as 
5 feet in diameter, are made of concrete, and are harder and stronger if 
treated with magnesium fiuosilicate solution. 

Cliapter 44. 

"Standard speciftcatLons and. tests for Portland cement; adopted by the American Society 
for testing materials, and. by the tJ. S. Oovemment," 1917, 47 p., obtainable (10 cents) from 
the Superintendent of Documents, Washington, D. C. Bur. Foreign and Domestic CJomm«!irce, 
Industrial Standards, No. 1. 

^2 Chapter 2. 
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The recovery of potash from cement furnace gases is discussed briefly 
in Chapter 8. 

■ A hydraulic cement high in alumina (42 per cent) has recently been 
introduced; it is stronger than Portland cement and resists the action of 
sulfate-bearing waters; its durability is not yet established^^ 

There were produced in the United States, in 1935, 76,751,419 barrels 
of Portland, an increase over 1933, but still less than half the 1929 pro- 
duction, which was 170,646,036 barrels. The average factory price for 
bulk in 1935 was $1.51 per barrel. 

Quick-Settijs^g Cemeistt or Higi-i Early STRE:]srGTi-i (I-I.E.S.) Ceaie^sT 

If Portland cement be intimately mixed with an additional 15 per 
cent or more calcium carbonate, and the mixture then burned in the 
rotary cement kiln, there results a cement which sets to a hard mass, 
able to bear traffic, in 24 hours, while the standard Portland cement 
requires 6 to 8 days. Because such cement is sintered a second time, it 
is often called double-burned cement. An example is Incor, manu- 
factured under U. S. Patents 1,700,032 and 1,700,033. The quality of 
quick setting is due to a higher percentage of tricalcic silicate. In tlie 
standard Portland cement, the several essential constituents have the 
following percentages: 

Per cent 


Tricalcic silicate 50 

IDicalcic silicate 25 

Tricalcic aliiminate 20 


In quick-setting cement, the percentage of tricalcic silicate is raised 
to 70 per cent or so, at the expense of dicalcic silicate, which drops to 
5 per cent or so. The role played by dicalcic silicate in the setting of 
the cement is unimportant, as explained in the introduction to the chaj:)- 
ter. Two analyses of such cements are given in Table 18, with that of 
the clinkers and cement from which they are made. 


Table IS. — Ajialyses of QuicJc-settiixg Cement and the Cojnont and Clvnhcir 

from Which it is Made.'^ 



ICnifker- 

Knickcr- 


bocker 

bocker 


clinker 

cement 

SiO:. 

23.46 

22.36 

AloO« 

5.49 

5.64 

Iron oxides .... 

2.89 

2.66 

CaO 

64.55 

63.53 

MgO 

3.13 

3.14 

SOa 

12 

1.72 


* The names refer to the Knickerbocker 
Harvey Randolph Durbin, the patentee. 


Durbin 

cennent 

Quick 

Houston 

Houston 

Durl)in 
com out 
Quick- 

setting 

clinker 

cement 

setting 

20.58 

24.60 

23.56 

21.70 

5.15 

5.60 

5.94 

6.26 

3.51 

2.72 

2.46 

2.70 

65.31 

66.30 

63.90 

66.20 

3.18 ** 

.83 

.84 

.86 

1.51 

.13 

2.03 

1.33 

Lent Co., 

the Houston 

Cement Co., 

and to 


By the addition of the extra amount of lime, the ratio of the cal- 
cium silicates is changed from: 5 tricalcium silicate and 4 dicalcium 

“ Znd. Eng. Cham... 18, 534 (1926). 



3 


USTRIAL CITEM rSTR Y 


Licatc, to: 8 tricalciiim silicate and 1 dicalciiiin silicate. IJnLCombinod, 
ee lime in the finished product is detrimental, as it is in any cenu'nt, 
id it is studiously avoided. The H.E.S. cenient is not only quick- 
:tting, but also has exceptionally hi|;‘h strength, and is '‘volunic- 
mstant.^’ 


Eijvie 

T^ime, more properly called quicklime, is the oxide of cahduni, CaC), 
tid is obtained by driving the carbon dioxide out of limestone, a slightly 
npurc calcium carbonate, CaCO^, by means of heat and a curremt of lire 
ascs. The reaction CaCO^ CaO + COi> is reversible; it runs to the 
ght completely if the carbon dioxide is removed; this the firc' gases do, 
ence closed retorts arc not likely to be found in the lime industry. 



Figltuk 51. — A vortical linu' kiln, witJi 
continuous operation; A, wiirniinK 
zone; B, combustion zone; C, 
cooling zone ; /), discharge for 

lime; E, charging hole fr^r liimi- 
stone ; fuel canals; air en/.ry. 


The modern limestone kiln is operated continuously; in isolated dis- 
ricts with small lime requirements, the cruder kiln of early days may 
till be used to advantage. Like all intermittent operations involving 
leat, the intermittent lime kiln wastes heat; at each charge, the cold 
:iln must itself be heated. In the kiln with continuous operation, this 
v'aste is avoided; the kiln is always hot. The modern kiln is usually 
vertical. The fuel may be mixed with the limestone in alternate 
ayers, fed in from the top; or the coal may be burned in sej^arate firc- 
)laces, whose hot gases pass into the kiln proper, while the ashes remain 
•n the grate bars and do not contaminate the product, so that a purer 
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lime results. The temperature in a lime kiln is more moderate than in 
the cement furnace; 1000'^ C. (1832"^ T.) is sufficient. 

The carbon dioxide passing out is usually wasted; in special cases, 
such as the lime kilns in the ammonia soda plants, a hooded kiln is used 
and its gas drawn by a pump from the top. A kiln with continuous 
operation and with fuel and limestone mixed is shown in Figure 51. 
The limestone, in lumps free from fines (screened) , is served from the 
upper platform at the top of the kiln. The coal is fed in by separate 
channels which bring it to the main part of the kiln; here it meets 
warmed lime, and the combustion proceeds briskly, while at the same 
time the limestone loses its gas. As the charge continues on its way 
downw'ard, now well burnt, it is swept by the incoming air, and thereby 
cooled, so that when drawm off at the base, either periodically, by hand, 
or continuously, by conveyors, it is nearly cold. This is desirable not 
only because the lime may then be handled at once, but because the 
heat is regenerated, and not w'asted. Such regeneration of tlie heat is 
almost complete in the kiln showm, and this is reflected in the low fuel 
consumption, wdiich is about 12 per cent of the weight of the product; 
the theoretical consumption is 11.2 per cent. A kiln 40 feet high and 10 
feet at the widest part delivers 15 to 20 tons of lime. 

TDuring the burning the charge shrinks. If the limestone contains 
clay impurities, it fuses slightly, and is inferior, sometimes useless; it 
is then said to be ^^dead burnt. A reasonably x:>ure lime when treated 
wdth a limited amount of w^ater wdll heat, sw^ell, and form a powder 
consisting mainly of calcium hydrate or hydrated lime; if made up wdth 
boiling water it will form a thick cream, leaving a few imattackcd stones. 
Nearly all limes contain some grit, mainly silica sand. 

The lime made in contact wdth the coal is sliglitly discolored, and 
contains such ash as the coal contained. This is usually not a serious 
matter; if it must be avoided, outside fireplaces arc used, forming part 
of the kiln, and sending their fire gases into the shaft. Still another 
method is to burn the coal in a gas producer and to send the gas into 
the kiln; several kilns may receive gas from one producer. Aside from 
the stationary kilns described above, rotary kilns similar to the Portland 
cement kilns, but shorter, arc also used. 

Time as cpiicklime is used for mortar, a mixture of lime, sand, and 
water; it sets due to the evaporation of w^ater and the absorption of 
carbon dioxide from the air. IVEortar has been largely displaced by 
Portland cement, but seven-tenths of the lime made is still used for 
structural purposes, either as mortar, or mixed with cement or x^lastcr. 
Time is used in the chemical industries,^^ such as the ammonia soda, gas 
purification, paper making, and tanning. Hydrated lime is used to make 
sand bricks, and as a fertilizer; it is also one of the raw materials for 
bleaching powder. 

in a gas-fired continuous kiln/* W. D, Mount, Chem. Met. Eii-g., 20, 428 
A full list of the uses for lime will be found in Ind. Eng. Chew-., 10, 216 C1918>. 
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Tabliii 19. — ProdiicLioyt of Litno itz the United Sf(ttcs for 1035. 


"rolls 

Quicklime 1,414,650 

Hydrated lime 837,876 

Agricultural lime 223,810 


Pi'if.o 
poi- ton 

S6.91 

8.45 

0.03 


GvPttXJM Plajstkr 

Gypsum plaster is made by removing m^ost of the watc'r ol* nl- 

lization from gypsum, CaSO^ . 2tri»0, by gentle heat; the plaster so i)ro- 
duced when mixed with water may be spread aiul shaped, and in a few 
hours it sets to a hard mass. Gypsum plaster is almost. uni\'cM\siilly usc^d 
for coating the inner walls of dwellings. It is oftem <^a,lled ]dastt‘r paris, 
because huge dc])osits of gypsum are fouml in Paris aiul in its ludghhor- 
hood, and these were the first to be worked. 

While limestone is found cxpose<l or covered by an over])urden (‘asily 
stripped off, permitting o]')cn pit operations, gy|)siiin occMirs at grt'atc'r 
depths generally, and shaft oi')crations are the r\d(u It- may hc^ said 
also that limestone is far jnore common than \vorkal)]c‘. gypsum dc^posits. 
This is due partly to the fact that only the rock with the <*< )nip()si(.i<)n 
CaS 04 . 2 IIi >0 may be used; if it contains less wat-er, (uil(‘.ining i( doc^s not- 
produce a material which sots with water. A seam 3 f(ad. in thic.kiu^ss 
is considered valuable, if it lias a reasonable extent; tlu'. dc'posits Tu*ar 
Buffalo have such thickness and have an area roughly of 1 stiuare inilo.^'^ 
The depth at which they lie averages 80 feet. Tlie mot-hod of mining is 
by entries, and “rooms, ’’ 250 feet dec}-) and 25 feet wi<le.*''^ Holes ar<', 
drilled by electric augurs; 20 jicr cent dynamite is used for bhisting, an<l 
is exploded by a fuse. The broken rock is loaded into tlu'. mine (*ars 
which arc pulled by an electric (I). C.) locomotive to the shaft or incline. 
Gypsum rock is nearly white, and lias large crystals; it is a si)ft .ro(‘-k. 
Gypsum mines do not rc(][iiirc artifuual ventilat-ion. 

The mine cars arc dumped into a gyratory crusluu’ with a pot- II 
feet deep; the product is elevated to a rotary screen, whi(di s('i>ara.tes the 
fines from the lum})s, about egg size. Tlic fines are sliifipcul to l^ort.hiud 
cement planhs.-^^ The lumpi^ arc fe<l to a rotary (h'ier, a Imrizontal stend 
cylinder 30 feet long, with internal firing; the ro(*.k is pa.ss(Ml through 
so fast that it attains a tem^ieratiire of only 150'^ F. (65''’ Ch), The dried 
rock is more easily crushed further and pulverized; the d<wi<*,es used 
are a swing-hammer mill followofl by inclined flat scrcicns; the material 
which passes through the screen is sent to a Itaymond suction 
the tailings (on the screen) ai*e returned to the swing-hammer mill. 
The pulverized material from the Raymond mill is sent to the calciners, 

It was the study of geypsum plastora which led the French chomist, I.iO C2hat<4ier, to his 
investigation of the constitution of Portland cement. 

Akron, Scottsville, Oaki&eld, and Clarence., New York. 

CoirtTpoTG coal mining in Chapter 12. 

Chapter 44. 

See the first part of this chapter. 
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upright cylindrical vessels with slow-moving agitators, and several hori- 
zontal flues through which fire gases pass. The fine powder remains 
in the calciner 1 hour; the temperature is about 350° F. (177° C.) ; 
three-quarters of the water of crystallization is removed, not more. 
After calcining, the powder is white; it is discharged througli a door at 
the base of the calciner which leads to conveyors ; these bring the mate- 
rial to the storage house. 

Calcined gyxosum is made into wall plaster by the addition of 
asbestos, hair, shavings, sweepings from packing houses, and dextrin, 
according to specifications. Without addition, it is plaster paris. Con- 
siderable amounts are used at the mill itself to make plaster boards,^^ 
which may then be placed on the walls of dwellings with little labor, 
and by any one unskilled in plastering. The manufacture of these 
plaster boards is largely automatic. The calcined rock is mixed with 8 
per cent (by weight) of selected sawdust on a conveyor which jDasses 
into a shallow'' tank wdiere it takes up the right amount of water for 
setting. The wet mass is dumped on a sheet of pai:)er, leveled, and 
covered by a second sheet; the edges are folded over, and the sheet 
X^ulled continuously toward the knife; by the time it reaches it, 12 
minutes have elapsed. The board may now be handled, although it is 
not dry. The knife cuts it in ax^propriate lengths; these are dried in 
tunnels, by a stream of warm air, while susx.)ended vertically to avoid 
warping. 

Gypsum is valuable for making casts ; on setting, there is 

an increase in volume of 1 per cent and as a result, the casts are sharp. 
For temx^orary buildings imitating famous examples of architecture, such 
as for the International Exiiosition in Paris (1937), gyi.)sum ])laster is 
used in vast quantities. 

An artificial gypsum has been mentioned in Chax:)ter 7. 

In 1935, the gypsum mined in the United States amounted to 
1,937,500 tons; the least valuable is the uncalcined rock sold to cement 
mills, valued at $1.75 a ton. Calcined gypsum, in plaster form, brought 
$9.57 a ton; while wall board w^as worth $35.35 a ton. The prices 
stated are for 1934. 

AIagjstesixjm Oxychloride Cem:ents 

This name is given to cements made by adding a strong solution of 
magnesium chloride to magnesium oxide, usually called calcined mag- 
nesia. A filler such as small stones, wood flour, cork, is mixed into 
the paste. After a short time the paste sets to a hard mass approxi- 
mating Portland cement in strength. The proportions of solution and 
magnesium oxide must be properly chosen and strictly observed. The 
cement after setting takes a high polish; it is used only for interior 
work such as floors in hospitals and public buildings. 

Sorel cement is a magnesium oxychloride cement. 

Exa^mples : "Best Wall,” '*Slieet Rock.*' 
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Othkk Patknt 

U. S. Patent 2,069,164, rotary kiln. 

Problems 

1. Since three-quarters of the water of cryslLLllizatioii of flu^ gypsum is removiMl 

during* calcination, show that the tiiiisiual iiiaterial riitains 6.1 p( r wai.ia*. 

2. A lime kiln delivc’rs 27 tons of lime pen* day; how iiuicdi liiiu‘s( oiu' must, 
fed in, aKSSuining both substances to he pun‘ aiul ilu^ buniiug ]K'rfe(*IV 

3. The amount of fuel ])(‘r barrel of ilnislual Poi*llaml <*(aii(‘nt. is gi\('n in Hk^ 
text (an average). Por a furnaces producing 215 tons of c(unent p(‘r ilay, how many 
tons of coal must be i.)ro\'ided? 

4. A Porllaiul e.oment contains its cale.iiim silicate's in llu' proportions of 5 (ri- 
calciuiu silicate mol('(*uU‘s to 4 di(udcium silicah'. Ca)mi)ut(' the absolute* amount, 
on the basis of 23.46 i)er cent SilA in th(i Portland (a'un'Ut.- How iniich liiiu* (Ca()) 
must 1)0 addc'd to change the ratio of the' calcium sili(*a.t.('s to tin* u(‘w om*, naiiu'ly 
8 molecules of tricalcium silicab^s t o 1 of dicalcium sili(‘.al(^? I low much limc*st.on(‘ 
is required, if it (‘ont.ahis 95 i)(‘r camt C'^aOOn? All tin' linn* added will react with 
dicalcium s.ili(ait.e. What is tlu' linu'st.oiu' t|uant.ity to lx* add(*d in l('rins of the 
origirnil Portland ('('incait? 

IIeadi n ( j Rekkke n ( ’ks 
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The great importance of ceramics to the chemical industries is evident 
when it is pointed out that the steel shells of the Portland cejnent fur- 
nace, of the Bessemer steel converter, of the sulfite pulp digester, of the 
gas producer and water-gas generator are lined with bricks; in addition, 
the fire box under boilers, the reverberatory furnaces for varied purposes, 
and the tank furnaces for glass depend for their proper construction upon 
ceramics. These are only a few -examples and leave out of reckoning 
the building bricks and stoneware. 


Chapter 10 
Ceramic Industries* 

Ceramics primarily comprises the several arts of shaping wet clay, 
generally with an admixed material, but in such amounts that the clay 
remains the important constituent; the shaping is followed by drying 
and firing in kilns. Ceramics also includes jiroducts in which the clay 
is x^resent in small amounts, so that it acts merely as a bond; this inclusion 
extends the range of ceramics considerably. A survey would indicate that 
the following products are included: Common (redj building bricks, 
mainly clay containing iron, rather fusible; fire-resisting bricks (fire- 
bricks), the more resistant the nearer their composition aiiproachcs alumi- 
num silicate, AkOii . 2 Si 02 . 2 H 2 O, the pure clay substance, infusible at the 
highest temperature of a coal fire (1400° C,, 2552° F.) ; basic bricks; acid 
bricks — for example, silica bricks, in which the lime bond is 2 per cent 
of the total; grinding wheels of various abrasives, witli clay as the bond- 
ing material; crucibles; pottery, including stoneware and porcelain, in 
which the proportion of clay is high, so that its plastic proi:)erty becomes 
the pro]>erty of the whole mixture; finally, x><^i'celain enamel, which con- 
tains a small amount of clay. Sand bricks bonded lime do not belong 
under ceramics, but will be treated briefly after the common bricks. 

Clays differ in many particulars, especially in their plasticity, which 
in turn depends upon their content of admixed organic matter, upon 
their state of hydration, and ,upon the fineness of the subdivision of the 
X^articlcs. A plastic clay is called a fat clay; a less plastic one a lean 
clay. Plasticity is really the resultant of two separate properties: de- 
formability, which allows shaping, and tenacity, which resists tearing. 
In drying and baking, .the clay body (for certain clays, not for all) con- 
tracts so much that the article would develop cracks and be useless; the 
shrinkage is reduced by the admixture of a non-shrinking material such 
as clay itself which has been calcined, for calcined clay loses its power 
to contract and at the same time its plasticity. Another non-shrinking 
admixture which is used is ground flint (Si02) . In general, the lower the 
proportion of clay the weaker the article; the more plastic the clay, the 
harder and stronger the article after drying and baking, and the greater 

* In collaboration with Mr. William Horak, B.S. in Ceramic Engineering (University of 
Illinois), ; Consulting Ceramic Engineer, Hartford, Conn. 
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the shrinkage. Clays are included in the substances studied from the 
standpoint of the colloidal state (colloid chemistry ) . 

Another property of clays which is of great moment is their fusibility, 
which differs according to tlicir impurities, geological histen'v, and sub- 
stances purposely admixed. Clays fuse less, the greater their content 
of aluminum silicate AliiO^ . 2SiOi> . 2H12O ; the addition of metallic oxides 
renders them more fusible. The addition of silica wdthin (‘crtain limits 
also makes clay more fusible. 

Clays in general have been formed from rock decomposition })y various 
agencies through time. If the clay remains at the original haaition, it is 
a primary clay, usually white, and w^ith a low content c^f iron so that it 
“burns’’ white; it is called kaolin or china clay. It might be said that 
kaolins are the product of the weathering of feldspar, either ]'K)tash feldspar 
K2O . AI2O3 . GSiOo, or soda feldspar, IKa^O . Alo(^2 . GSiOo ; the alkali is 
w^ashed away. They woxild then be termed i:)rimary clays, and this is true 
enough if the statement be qualified by adding that sonu^ kaolins sxu^h as the 
Florida and Georgia kaolins arc transported, liciua^ of season clary origin. 
If, in the course of geological changes, the clay has Ix'on transT)oi*tcd (by 
water, glacier, or wind) to anotlicr location, it is a sc'condary (day ’ ; it 
has lost the undecomposed, coarse particles of feldspar which reinnin in 
certain primary clays of that origin, but it now contains limestone' ixowdcr, 
hydrated oxide mud, and organic impurities, in varying amount, s. In 
general most of the clays other than white clays arc of secondai*y origin, 
but there are exceptions here too, as for example', the red burning edays of 
Washington and Oregon, which have l>ecn formed by the wealliering of 
basalt rock. The purer dei)osits of the secondary (days ai*c'; more plastic 
than china clay, and are used under the name of bail (*lays. 


Table 20 . — Analysifi of (.■hi/in Olxiy and Sf'-r.oHdar// (day. 


Silioa SiOu 

Alumina AliiO.T 

Iron oxiclo Pe-O:; 

Iron oxide FoO 

Ijimc CaO 

Maf2;ncsia M^O 

Soda !rsr a^O 

Potassium oxide 

Water PTO 

* “The clays and clay industrioK of 
Geoloeical and Natural tlistory Survey, 

** Ibid., p. 59. 

t Includes all loss on ignition, organic matter as wcU as water. 


Oiiina clay^ 
WRsliod free from 

Kocondarv 

Kjiol iti 

admixed Quart:^ 

clny>‘>^ ■ 

Al.,Oi . 2SiC)i. . 21I:iO 

. . 47.5% 

50.33%. 

46.5% 

. . 37.4 

27.06 

39.5 

• • } 0.S 

2.29 


2.62 


(rairo 

1,22 


0 

3.34 



1.78 


4.40 


. . 12.48 

O.OGt 

14.0 

C3omiCM?.t.ic.ut, ” by G 

. F. I.oiighlin, 

Sl.at.o of C'onn., State 

Hartford (1905), p. 

47. 



The plasticity of a clay may be increased by aging, that is, storing it 
damp ; the process is partly one of hydration accompanied by gelation, 
and partly a bacterial action which has as one of its results the further 
subdivision of the particles. "Whitewrare bodies are acred after filter 


^ itiver deposits are called Jtluviatile or alluvial, lake deposits lacustrine, and sea deposits marine. 
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pressing by stacking the cakes one on top of the other in damp cellars 
or bins. Clays are also washed for certain uses, and levigated in order to 
free them from coarse particles. 

The analytical figures for a high-grade china clay and a secondary 
clay are given in Table 20, 

The Main^xjfactxjre of White^vare 

Whiteware such as dinnerware, electrical porcelain, chemical porcelain, 
floor and wall tile, is generally made from a mixture of clays and other 
materials. Usually these consist of kaolins- (china clay), ball clays, 
feldspar, and flint. The proportions of each of these depends upon the 
uses to which the ware will be put. Other materials which may be added 
are talc (steatite) , whiting (CaCOs) , or magnesite (jVIgCOa) . 

Dinnerware represents a large portion of the whiteware field; it is 
made b^^ one of two methods, which are also the ones used in all the other 
branches of porcelain manufacture; these are easting and jigg;ering. 

Making the Slip. The proi^er amounts of the clays are weighed out 
and stirred in a blunger with water which may (but need not) contain 
electrolytes to dis].)erse the clays until most of the lumps are broken uj). 
Tlie other materials such as feldspar, flint, are then added and the whole 
stirred until homogeneous. The “slip,’’ as the mixture is now called, is of a 
thin creamy consistency^ and flows readily. It is allowed to run from the 
blunger through a vibrating screen, which removes bits of wood and metal, 
and lignite, and thence over a magnetic separator to remove iron jmrticles' 
whicli would stain the fired ware. 

Clay Body is Pilfered and Aged. Prom here, the slip flow's to filter 
presses •* wdiere it is separated from the w'ater and forms cakes wdth 10 
to 30 per cent of water. The cakes are stored in damp cellars where they 
arc allowed to age. The aging process improves the plastic properties of 
the clay body and insure even clistribution of moisture in the mass. 

From this point on the body is made into w'are either by the casting 
process or the jiggering process. 

Casting Process- The clay body from the aging bins is placed in 
blungers with about 35 per cent water and the proper amount of elec- 
trolytes, usually a mixture of equal parts of sodium silicate and sodium 
carbonate, in amount sufficient to give a fraction of one per cent. The 
clay body and water are thoroughly mixed, again screened f lawned] and 
run over a magnetic separator. The mixture now has the consistency of a 
not too heavy cream, and flow^s readily; it is now termed the “casting 
slip” and is ready for use. 

Casting Slip run into Molds. Plaster paris molds having for the inside 
of the form, the dimension and lines of the outside of the object to be 

= Kaolin is refractory, that is, it does not soften below 1700“ C. [3092® F.] so that it is infusible 
at the kiln temperature; ball clay to hold water; flint for whiteness, rigidity, and to reduce shrink- 
age ; feldspar as the flux or binder. 

^ Chapter 42. 
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cast, are at hand. They are filled with slip, and let stand for 15 to 30 
minutes, and then the excess slip poured out. The plaster paris absorbs 
the water, and the clay body is left as a lining of the mold walls, exactly 
reproducing them. After pouring off the excess slip, the mold is allowed 
to drain, and is set for a period of 20 to 45 minutes in a warm idace. At the 
end of this time the clay lining has set and shrunk suOiciently to allow its 
removal from the mold; the latter is used over again. 

The cast ware is then trimmed and dried in hot air driers, after which 
it i*s fired. In some plants, and for some wares, a glaze coating is applied 
to the dried w^arc and both body and glaze are fired together. In general, 
however, a separate firing is given before and after glazing known in the 
first case as the bisque firing, and in the second casc^ the glost lire. 

Jiggering Process for Tableware. In making ware by iggcaing’' 
or “jollying,” the clay body from the storage bins is ft'il into a i)ug mill and 
tempered with enough water to give a stilf-mud ('onsist.cau'y . hroin the 
]uig mill it is forced by augurs through a die in the ft)rm of ii (‘vlinder 
or “wad.” 

The “wads” are ready for use and are distributed t.o tlu‘ j iggc‘rineii. 
Tlie jigger consists of a rotating unit carrying a mold which will form 
one face of the ware while the tool forms the otlua* faca^. I^'or tt‘a caips, 
which are made without handles, because these, art^ fastt‘iic‘(l on lal.ca-, the 


FicamK 52. — Cross-soci.ion through plasicr paris 
form for sliaj caip. 


mold forms the outside of the cup, and the tool the insider For i)lates, 
the inner surface (later, the ux3per) is formed by the mold, and tiio bottom 
surface by the tool. Oval platters arc made on a jigger having eccentric 
motion. 

To make each object, a piece from the wad of just the right size is 
thrown on the center of the rotating mold and the tool brouglit down on 
it, spreading it over the mold and cutting away the excess clay. The 
tool is of metal and has a profile shai^o of the form desired on the surface 
it makes. During this oi^cration the jiggerman keei)s the (day-tool inter- 
face lubricated wdtli water. The formed ware is placed with the mold in 
the drier. After drying, the ware is taken off and treated like the cast 
ware. The dry molds are returned to the jigger. 

This process is much more rapid than the casting fjroc^ess and is 
used wherever the shape of the object docs not prohibit it. It can be used 
for all simple shapes which contain no bulges cir reverses curves. 

The Saggers. In order to x)rotect tlie ware from soot and dust during 
the firing, it is packed in clay boxes called saggers. Kacli box is oi^en; 
they are piled on each other from the base of the kiln to the toy), and the 
second box closes the first. The saggers are made of various shapes and 
heights, to fit the ware. For exarnyDile, one sagger box can hold 4 yjiles 
of 20 plates each; the lowest plate rests on a thick form, tlie setter, 
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which is used over and over; it prevents the deformation of the lowest 
plate when it softens. The other plates are supported each by the next 
lower one, separated by flint granules, knowm as '^bitstones.’’ 

The making of new saggers is a constant operation. The materials 
are broken saggers ground to a coarse powder, new clay, untreated in 
any way, and w^ater. The mass is mixed in a pug mill, which cuts and 
mixes the dough-like mass, and discharges it into an extrusion machine 
which forces it out in the shape of a loaf of bread. This is cut in lengths 
of 16 inches or so, and one length is placed under a j^ress which forms the 
saggers at one stroke between the descending die and a steel box. Alter 
firing, the scaggers are ready to be used, and serve several times; when 
cracks in the side develop, they must be discarded. 


FiantE 53 . — Sketch of a t 3 "x:)- 
ical i)ottoiy kiln. The 
ware is plat-ccl in saj^gors 
and those ai*o set in the 
kiln in vortical rows 
called '‘bunfi’S.” The. fire 
gases are directed u 13- 
ward b.y the bag walls in 
part, while another part 
is drawn to the center of 
the kiln h.y flues and 
ascends through the ware. 



The Pottery Kiln. The w^are packed in the saggers is ready for the 
firing, which is done in one of a number of kilns, circular in cross-section, 
built of bricks, about 12 feet in diameter and 12 to 14 feet high inside. 
The kiln is built of common bricks outside, fire-bricks inside, and is sur- 
mounted by a stack. Each kiln has 6 to 8. small fireplaces or so at the 
base, whose fire gases enter the inner chamber at circumferential openings, 
and in a,ddition at one central opening, in the floor. To provide room for 
the fireplaces and necessary channels, the floor of the kiln is about 4 feet 
above the room floor (ground) . The saggers are so arranged in the firing 
chamber that 5 "'quarters’’ result, and within these quarters, the circula- 
tion of the fire gases may be regulated by means of empty saggers with 
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suitable sections knocked off. A column of saggers set one on top of the 
other in the kiln is called a 'dmng.” The fire gases leave the kiln through 
a stack vent in the crown and from there to the stack ]:>roper, which sur- 
mounts the structure. By these means, the temperature may be so con- 
trolled that there is a dilTcrence of 15'^ F. (8*^ C.) at the most between 
the top and the bottom. The heat is raised very gradually. The tempera- 
ture at various plants is observed by means of pyrometric cones (or Orton 
cones) sighted through peei^holes at various levels. The time of actual 
firing is about G6 hours; including cooling, unloading (“drawing"’), and 
reloading, the cycle is 1 week. Tlic maximum tem])crature is 2500'^ F. 
(1371^ C.). At each })acking the kiln is filled to capacity, about 2200 
dozen pieces. The ware shrinks 10 ])er cent. The fuel is coal, gas, or oil, 
with coal the most common, although gas and oil are not rare, since the 
ware is high enough in price to allow the use of the dea.rc;r fuc‘l. 

The j:)ro(luct from this first firing is the bisemit ware, strong, non- 
porous, and white; the second or gloss firing is at a lower temperature 
and sliorter. There are a few potteries which fire low at the first firing and 
high at the second. 

A modified procedure has recently been develoi)ed which will have 
far-reaching, beneficial effects. The iiir remaining in the plastic clay, 
as it leaves the pug mills, is removed by tlie appli(‘ation (.)f a vacuum. 
It is found that such de-aired products are stronger for a given thickness 
of wall than the untreated ware, or as strong with a smaller wall thick- 
ness. • Some clays which previously could not be used give satisfactory 
results when de-aired. The same wall thickness, witli firing at a lower 
temperature than previously, gives a ware as strong."* 

Decorating and Glazing, For under-glaze decorations, the biscuit 
is brushed wdth shellac, and the i')attern transferred to it by means of 
decalcoinania paper. The piginents are so selected tliat the color ob- 
tained after firing is the desired one; the first color from the transfer 
X:)ai')er is immaterial. Vciw elaborate designs covering the whole idate in 
some cases may be applied by means of decalcoinania paper. Hand 
painting is also ]iracticed, and a combination of decalcoinania and hand 
painting. The decalcoinania paper may be made in the pottery itself, 
from an etched plate coated by the proper pigments, and applied to a 
strong but thin pajier first treated with a soap solution. 

The decorated pieces are passed into a susyiension of the glaze; they 
retain enough to cover them. ISText they are dried and iiacked in saggers 
again, but this time they must not touch; they rest on tJiree pegs set in 
the wall of the sagger.^^ The saggers are fired at a lower temperature 
for 30 hours only. The glaze is more fusible than the biscuit, and no 
deformation takes place. Over-glaze decoration is less durable. 

The glaze must be transparent for undergiaze decoration; it may be 

^ Chapter 46. 

5 “The effect of de-airinp; stiff-rrm.d bodies for clay products manufacture," by J. O. Ever- 
hart, C. n. Austin, and W. C. R,ueck:el, Ohio State JJni'oersity Studies, JBingineerlng Series, JBtdl. 74 
C1932) ; in cooperation with the Bonnot Co., Canton, Ohio. 

® The marks of the three pegs 'may be seen on the under side of almost any plate. 
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opaque for ovcrglaze decoration; it must have the same coefiicient of 
expansion when heated as the under body, so that it shall not craze” nor 
peel off. One formula includes sodium oxide, borax, zinc oxide, silica, 
tin oxide, calcium carbonate, and lead oxide; it produces an easily fused, 
non-transi^arent, white glaze. 

There are various kinds of tableware bodies; the more important ones 
are real porcelain, strong and non-porous (red ink makes a slight stain) ; 
semi-porcelain, less strong, somewhat porous (red ink makes a deep 
stain) . 

Stonew^are is made from clays not selected for color, although in 
some cases the color is pleasing; it is fired at a temperature approaching 
that at wdiich porcelain is fired. The ware is not packed in saggers, 
and the glaze is applied by means of salt, introduced at the toj:) of the 
hot kiln; the salt melts and attacks the surface of tlio ware just enough 
to make it run. Stoneware is cheai^er than porcelain except in a few 
cases when for artistic merit the ware brings as much as porcelain. 
Earthenware has a porous body; it is baked at moderate heat, insufficient 
to cause com 2 :)letc vitriff^cation ; if the ware is to be water tiglit, it must be 
glazed. There are many x^roducts which occupy intermediate places so that 
a classification is difficult. Chemical stoneware is generally brown in 
color, and fired without saggers, but it is made with great care. Certain 
pieces such as the Cellarius vessel have surj^risingly thin walls, so that 
cooling may be rapid, yet they are strong; other pieces are used chiefly 
for storage of acids, and are as large as 6 feet in height; the walls are 
then made thicker. 

Electrical insulators of the umbrella type, for higli tension cuiTcnts, 
are made of a clay mixture very similar to the kind used for fine tablc- 
w’are. A large unit is about 10 inches across and 6 inches high; it is 
shax^ed in a mold for its one side, and wdth a tool on the jigger table 
for the other. The units are dried, packed in saggers, loaded on kiln cars, 
and fired in a tunnel kiln, one car moving out at the south side, let us say, 
as the new" enters at the north side. The firing (oil) is in the middle; the 
fire gases sw"eep north, preheating the incoming kiln car. The combus- 
tion air enters at the south point, sw^'ceps over the fired w"arc, cooling 
it, and reclaiming the heat. The insulator units are glazed. They arc 
tested for resistance to high voltage current, as well as in a number of 
other w^ays. Tw-enty units set up one in the other offer enough resistance 
to prevent a million- volt current from passing. 

Iridescent ware (lustre ware) is produced by exi^osing the hot w^are 
to the vapors of stannous chloride or ferric chloride. Iridescence com- 
bined with color is produced by applying silver sulfide and clay mixed, 
and exposing to a smoky (reducing) flame. 

Gold gives its characteristic color over the glaze, old rose under 
the glaze. Cobalt oxide applied under glaze produces a beautiful deep 
blue, due to the formation of the blue silicate; similarly, chromium oxide 
burns to a green ; uranium oxide to black. 


Chapter 3i 
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BhicivS 

The familiar reel l^rick iis made from a secondary clay (containing in 
the ncighborlioed of 4 per cent iron oxide as a natural iinj:>urity. If the 
clay is riclp, that is, relatively i^iirc, sand, crushed r(.)(*k, or cinders must be 
added a less pure clay, a ^hnild” clay, which c*ontains gravel or sand, is 
preferable. For the cheapest good bricks, the dry material must pass 
through 8-mcsh screen; for finer grades, a 20-mesh screen. "^^Fhe dcaisity 
of the brick depends mainly upon the method of working; a wire-cut brick, 
not re-]^rcsscd, woxild be the lightest; on placing it in a mold and press- 
ing it hy a screw-operated die, it becomes densei-, as well as more accu- 
rate; power pressing will raise the density vstill further. 

Stiff-mud Process for Heavy Clay Products. This process is widely 
used for making building brick, tile, i)aving brick, some terra cotta, (* 011 - 
duit, drain tile, and for some typos of firebrick. A. variation of tlic^ process 
here described is used for making most sewer pii)e. 

The clay as it conics from the pit or stcu'agc bins is ground in dry 
pans and carried to a ])ug mill, wlu'rc it is tempered with the proper 
amoi:mt of water to give ti stiff mud-like consistcaicy . From llu' pug mill 
it is forced by an auger screw through a steel die of the shape and size 
desired for the finished ware. The clay issues froiti tlu'. dic'. hc'ad as a con- 
tinuous column. A few feet fixjm the die liead, a c.utler, gc'nc'rally aaito- 
matic, consisting of piano wires set at proper distaiices on a jig (m()\ai})lc 
frame), cuts the column into the right lengths. The c‘ut raw ware con- 
tinues on a belt conveyor from which it is picked and set on a drica* car. 
Full cars of bricks, with 1,000 to 2,000 bricks per car, are pushed into 
driers and left to dry according to a predetermined scdicdiile for the partic- 
ular clay used. From the driers, the cars are taken to the. kiln yard, the 
dry ware taken off and set in the kiln, usually of the down draft type, 
for firing. 

The Round Down-draft Kiln. This kiln is 40 foot in diaiuc'ter and 19 
feet from the floor to the top of tlic crown; it has eight fire boxes around 
its circumference. The heat and combustion gases from the fire l)()xos are 
directed upward toward the crown and arc reflected by tlu'. crown down- 
ward through the ware; the gases pass thrcnigh slots in the floor into tVic 
collecting flues and center well hole, and finally through tlie main flue to 
the stack- The firing temperature varices considerably; in the case of a 
dense red brick, to give an example, the maximum tomperatiirc will lie 
between 1470° and 1650° F. [ 800° to 900° C.]. 

By skillful setting oi the ware and skillful firing, tlic temperature dis- 
tribiition may be made uniforiYi throughout. This type of kiln is periodic 
in operation ; they arc fired by coal, oil, or gas, but mostly by coal. 

After firing, the bricks are sorted; those with perfect shape and 
correct dimensions are No. 1 bricks; less perfect ones are grouped to- 
gether as seconds; insufficiently burnt ones are added to the new charges. 
The price of wire-cut red bricks, of first quality, is about $10 a thousand. 

® The rich clay without addition would shrink and crack badly when fired. 
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Sand-lime Bricks. In districts without clay resources;, bricks which 
approximate in strength the common red bricks are made froin sand, or 
crushed sandstone (by-product of a sandstone quarry) mixed with about 
8 per cent of carefully hydrated lime. 

Quicklime is treated with the j^ropor amount of water 

CaO -I- = Cii(OH). 

in an iron box ; there is j^rodueed a light fluffy powder which is screened 
and stored in silos in order to insure comi)leto liydration. It is mixed 
witli sand and enough water to give a dough whicli may be sliaped in 
jiresses. Xhe new bricks are loaded on siuiill truf*ks and pushed into 



autoclaves, where they are subjected to the action of steam at 125 pounds 
}>ressure; this operation is called ‘"'curing’’ and corresponds to the firing 
of the red bricks. Usually bricks are shaped in the daytime and cured 
over night. The bond between the sand particles is monocalcium 
silicate.^ The price of sand-lime bricks is about the same as that of 
common bricks. 


Firu-Brtcics 

Fire-bricks are the material for the construction of open-hearth steel 
furnaces, for the iron and other blast furnaces and stoves, for cupolas, 
calciners, and many other chemical engineering apioaratus; they serve to 
line fireplaces, furnaces, and to fill regenerators. The materials are a 
fireclay made even less plastic than it normally is by a preliminary firing 
at high temperature followed by crushing and known as “grog”; and a 

® ^‘IVfatiufacture and properties of sand-lime iDrick,” W. E-. Emley, Bureau Standards Tech, 
raver, 85, Washington (1917). 
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smaller proportion of a more i)lastie clay to furnish the bond. The firing 
is done at a teinperature of 2200° F. (1200° C.) , or somewhat higher. 
The burnt brick is cream colored, or light buff; it is generally softer than 
the common brick, but may also be as hard or even harder. Fire-bricks 
bring about $40 per thousand, 

Tlierc are many kinds of refractories; the primary objective is to 
produce a shape or brick which will resist the attack of metals, slags or 
glass at high temi)era.ture3 without apprciciable distortion or softening. 
Another objective is to produce bricks or shapes for high temperature 
insulation ; such bricks do not resist abrasion and slagging. They are 
used as a backing to a first course of slag-resisting bricks. The insulating- 
bricks are generally very light in weight; '^cork brick’’ is an exanii)le. 

The nature of the raw materials will de]>end upon the intendc^d use; 
silica will be selected for bricks wdiich must be acid resisting, but silica 
bricks are also used for heat conducting, in the by-product coke oven 
for instance. IBasic bricks, which resist basic charges, are inadc^ of mag- 
nesia, bonded only by water, under grciit pressure, or by l>auxite or 
alumina. There arc also neutral bricks, such as cliromitc^, graphite, 
siliecjn carbide. Tn metallurgy, tlie natures of the slag (hde^rmines the 
class of refractory to be uscul; thus a siliceous slag rc'ciuirc‘s an ac*id 
refractory. Fc^r crucibles which must conduct hcuit as wcdl as resist high 
teinperature, natural graidiite bonded with 30 i>er cemt (*lay and some 
water glass is largely used. Silicon carbide bondcal with linici serves for 
muffles and electric furnace linings; clay-bonded silicon carbide is the 
general choice for high hcat-conductivity brick; with graphite in addi- 
tion, the mass becomes sufficiently elastic to form crucibles. An excellent 
high conductivity crucible is made from silicon carbide and tar; the 
carbon residue from the latter becomes the bond and is ]>revented from 
oxidizing during use by a glaze. Clay pots arc used in the glass houses; 
they are purchased unburnt by the glass maker, who must V)urii them in 
his own furnaccs-"^- 

The highest grade silica bricks are made of quartzite or ganistcr, and 
bonded by 2 per cent lime; they arc generally heated twice, because they 
expand when heated (fire-clay bricks shrink), and it is desirable that the 
expansion bo complete before the wall or lining is built. TliC expansion 
is due to the change of quartz into cristobalite and tridyrnitc, which are 
less dense forms of silica. 

Much harm can be done by too rax>id heating of the bricks in the 
process of manufacture; and the gradual cooling is just as imioortant, 
for too rapid cooling causes strain and weakens the brick. 

For some years, refractories have been produced in the electric fur- 
nace. (Corni)arc next chapter). 

The fireclay refractories, priceti at $35 to $45 a thousand [with shapes 

Formerly Ceylon graphite ; now largely Madagascar graphite. 

IT. S. Patent 1.356.939. 

Chapter 11. 

Fi'ed W- Schroeuer, urta. Jhn-f/, Chem.., 23, 124 C1931). 
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computed to the standard 9" X 4-^" X 2^" brick], make up 75 per cent of 
all refractories; their distribution is 35 per cent to boiler linings, locomo- 
tives; 20 per cent to open hearth steel furnaces; 10 per cent to heat treating 
furnaces and the like; 4 per cent to the glass industry; 4 per cent to 
the ceramic industry. As to composition, there are four types, a high silica 
(75 per cent), a high alumina (28 per cent), a high flint fireclay (40 per 
cent silica, 43 per cent alumina), and a plastic fireclay (52 j^er cent 
silica, 33 per cent alumina) . 

Refractories are tested for the temperature of deformation under 
load, linear shrinkage on heating, resistance to spalling on repeated 
heating and sudden cooling, and on resistance to three tyx:>es of slag. 

A few further particulars will be found in chajoter 45. 


VlTRIFlKD E:N^AMEn OR PORCELAUsT EjNTAMEL 

^^Vitreous enamels or porcelain enamels are fused silicate coatings 
applied to metal (usually cast iron or sheet steel) . 

^^The first step in all tyi^es of vitreous enameling is the making of 
the 'frit.’ Prox^er prox^ortions of raw materials such as feldspar, borax, 
soda ash, silica, fluorspar, cryolite, sodium nitrate and the like arc 
thoroughly mixed and then fused in a smelting furnace. The melt is 
drawn ofi' into water and the resulting friable product is termed 'frit.’ 

"The ax:)i:)lication of the enamel is accomplished by two general methcxls, 
the wet and dry process. In the former method the frit is ground in a 
pebble mill in the iDresence of water and clay to i')roducc a w’orkable 
suspension, or 'sliio.’ Opacifiers and coloring oxides are also added in the 
milling. 

"The ware to be enameled by the wet xi^'ocess, after x^i'oxoer fabri- 
cation and cleaning, is coated by dii^ping it in the millecl enamel fol- 
lowed by draining off the excess, or by sx^raying the slix? onto the ware. 
In either case the enamel coating is dried and then fused in an enamel- 
ing furnace. One or more coats are thus ax-^plied as may be required. The 
coat applied directly on the metal is usually of a sx^jccial nature to 
promote a firm adherence, while subsequent coats dovolop the desired 
color and texture. 

"F or ax^plication by the dry imocess, dried frit is ground to a fine 
jDowder in a dry mill, with the addition of the proper coloring oxides and 
opacifiers. The piece to be enameled receives a first coat by the wet 
process. The burnt first coat is not allowed to cool, however, but 
while the article is still hot the dry ground enamel powder is applied 
by means of a sieve. The piece of ware is then replaced in the furnace 
and the coat fused. Two or more such applications are usually required 
to produce the desired results. 


I*ost“7contSiing Emerson F. 

to promote the adherence'^^'The metS°^urfaoe f^it S^'then^'^dSjpcd'or^^spraved oobajt 

and fired once more (firing time 3 to 7 minutes). E. JR. JR. ^ sprayed with, the cover cc at. 
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^^Cast iron sanitary ware is usuall3^ I^rocluced by the rlr^?' process, 
most other ware by the wet process. 

“Former 13^ all enamel plants produced their own frit. Adore recentK' 
large suppK^ houses have marketed increasing amounts of frit to the 
smaller, and many^ of the larger enameling concerns. The frit as pur- 
chased b3^ the enameling jolant is ready for milling. Alost of the frit 
tlius purchased is for wet process enameling, in accordance wdth t]ie 
above method. 

^‘There is an increasing demand for enameled commodities as the 
merits of vitreous enamel become better i*ecognized in a groat variety 
of uses. FormerK^ the chief outlet was in the form of sanitaiw and 
cooking ware. Then came vitreous-enamelcd signs, stoves, refrigerators 
and dair3^, canning and chemical equipment. The j)resent rapid expan- 
sion involves a multitude of uses including ]:)firts for buildings. Tlie 
future possibilities arc almost unlimited. 

“The following ma3^ be taken as a t3q^ical white enamel for sheet iron: 


White nrit X^tu- cent 

Fcilclspar 29.5 

Borax 22.0 

Bilica 19.0 

Cryolite 13.5 

Soda ash 3.5 

Fliiors.x)tir 3.5 

Sodium nitrale 3.0 

Antimony oxide 3.0 

Zinc oxide 3.0 


JMill charge 

100 lbs. Frit 
6%> Clay 
5% Tin oxide 


'‘As to colors, certain general facts may be stated: Red c‘.olors arc 
usuall3^ made from iron, cadmium and selenium eompoimds. (.Jreons 
are made from chromates or cliromatcs x:)roperly^ combined witli other 
mineral oxides. Yellow is produced from compounds of antimony, uranium 
and titanium. Blues are usuall3^ based on cobalt comiiounds, in com- 
bination with other mineral oxides to vaiw the color. 

“There are three general wav^s of producing the desired colors. For 
the darker blues and black, coloring oxides are usually smelted in the 
frit. For certain other colors a relatively clear frit or glaze is used, the 
color and opacity being produced by mill additions. For the more deli- 
cate an opaque frit, such as given in the formula above, is used, and 
coloring oxides and var3dng amounts of opacificr arc added at the mill.’" 


Otiikr PaTEIs^TS 


S. ^Patent 1,844,670, manufacture of an improved vitreous, acid-resLst.ins 
enamel, l,/So,777, preparation of a slip for vitreous enamels consistinp; of an acid— 
resisting glass, titanium sulfate, and English pipe clay; 2,048,319, producing cast 
refractories; 2,069,059, method of producing ceramic ware. 


Problems 

1. A kiln packed with saggers contains in all 2200 dozen pieces of tableware. 
Fach piece weighs 4 pound, and there are required 3 pounds of coal for each pound 
of wai^ fired How many tons of coal are needed in. all? With coal at $4.00 a 
ton, what is the fuel charge against each dozen pieces? 
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2. A wave is made from a clay mixture which contains exclusively china clay, 
flint and feldspar. The feldspar in the batch is 22. o per ceiit on the dry bavsis! 
The final ware contains 68 per cent SiOi*. Takin«- the formula in the text as the 
comioosition of the feldsi-^ar, the composition of the china clay in the text as 
applying, and the flint as 100 ])cr cent SiO-, how much of each raw material would 
you have to take, for each 100 pounds of ware? 

3. It is i-equired to smelt 2V tons of frit for a white vitrified (uiamel of the 
formula given in the text. Assume a loss from all sources of 5 i)or cent. How 
many x^ounds of each of the materials listed will be requircai, if the loss is siu'ead 
over all the items uniformly? It must be remembered that sodium nitrate and 
soda ash lose gases during the smelting as a normal reaction; in finding the theo- 
retical yield, which must be done first, sodium nitrate and soda ash should be 
changed to their sodium oxide oQuivalont. 

rtlOADI XC; rtnFKR102S' CIOS 
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It is essential that 'windo'w glass should be an inexpensive commodity 
in order to perinit its use in the most modest of dwellings. Ingenious 
improvements in its manufacture have made it possible to heep it low- 
priced in spite of the general iricrease in cost of labor and materials. 
Windozv glass zohich will not filter oxit the vital short rays of light is 
being placed on the marlzet, a trerneixdous contrib'ution toward the gen- 
eral health of the people. 


Chapter 1 1 ’ 

Structural Glass, Optical Glass, Special Glass, 

Glass Bottles 

Structural glass includes window glass, wire glass, figured rolled glass, 
plate glass, and health glass; of these, ordinary window glass ranks first 
in the amount produced. 

Window glass in the United States is made exclusively by mechani- 
cally drawing a flat sheet of glass, which passes through a lehr on its 
way to the cutter and requires no subsecjuent annealing nor flattening 
cjf any kind. There are three processes which are in use, and which 
differ as follows: In the Foureault process, the sheet forms in the slot 
of a clay block pressed into the glass melt by adjustable arms; it may 
very properly be said to be extruded. After being formed, the slieet is 
carried vertically upward throxigh the lelir, reaching finally the cutting 
platform above it. The original patent rights have run out. 

^ In the Colburn process, the sheet is formed with the help of two edge 
guides in the glass melt; it rises vertically at first, then turns, a right 
angle over rolls and travels horizontally through the lehr. 

Finally, in the Pittsburgh Plate Glass Compan\’'^s process, the sheet 
is formed without clay block, and rises vertically through the lehr, 
as in the Foureault i3rocess. 

The molten glass for all three processes is obtained by heating to- 
gether soda ash, lime, sodium sulfate, charcoal or other forms of carbon, 
sand, and cullet (broken glass) , in a large trough-shai^ed furnace. "Win- 
dow glass is a soda-lime glass. 


The Foxjrcatjlt Process 

Perhaps a fourth of the window glass made in the United States is made 
by the Foureault process, modified more or less by each operating com- 
pany's experience. The furnace has several small extensions called the 
work pits, in each of which one drawing machine operates. In order 
to have a definite furnace for study, the furnace of the Adamston Flat 
Glass Company at Clarksburg, W. Va., will be described, and all modifi- 

Teeh^^oSl^f^Hafiford: Consulting Engineer, of Bnilej. and Sharp Co.. Glas. 
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cations given of the original Fonrcault procedure will be those developed 
at the Adaniston plant, one of the most successful of the many Fonrcault 
units.- 

The Furnace. The furnace is of the continuous type, with continuous 
feed, fired by gas, citlier natural gas, which is not ]')rehcatcd, or by pvo- 
ducer gas, wliich is preheated. The combustion air is ipreheatcd in either 
case, by i:>assing it tlirough the regenerators located below the furnace. 

Tlie plan of the furnace with the exact dimensions is shown in Figure 
55. It is built of three kinds of bricks and forms: (1 ) Silicai bricdcs for the 



pKiVRE 55. — Plan, of fiirnaco foi* window glass 
by tho Fonrcaiilt machine's. 1, tin* dog 
liou.so, or charging trough; 2, nic'lting t'lul; 

3, rofiniiig (md, with U(a*k Ix'tAvca'ii 2 and 3; 

4, drawing cdiainbc'r, siirroiuKh'd by the 
work pits, oach one with ils draAving nia- 
chino. lii(dw(M‘ii llio incliiiig ('iid and the 
nock arc the floatc'rs. TIk' five inh'ts on 
oach sidci of iiK'lt.ing c'lid for combustion 
air and gas arr' sli(.)wn- 


roof, or arch, commonly called the ^^cap”; (2) ^Tlcfractory” blocks for 
those ui:)right walls wliich do not come in contact with the molten glass; 
and (3) “Flux’’ blocks, a special composition of fire-clays which resists 
glass attack, and which is employed for those walls which come in contact 
with the molten glass. A fourth kind of brick and shajicd slab has been 
introduced in the construction of glass furnaces, namely, the Corhart ® 

2 Studied through the courtesy of Mr. W. M!. Ti. Sine, General hlfinager, and IVTr. J. A. 
Voorhies, Plant Manager. 

a Ind. Eng. Chem., 23, 124 01931^. 
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blocks; they have a very dense structure and are extremely resistant to the 
corrosive action of molten glass. 

After its construction, the furnace is heated gradually, when it under- 
goes expansion. In order to accommodate this expansion, the roofing 
arch rests on skew-backs which arc carried by horizontal steel beams 
integral with steel uprights. The distance between the latter is adjust- 
able by working the nuts on the tie rods which extend the width of the 
furnace and connect the steel uprights. The loosening of the nuts is done 
gradually, as the heating progresses. 

Once in operation, the furnace never stops; it runs day and night 
until it has deteriorated so much that it must be rebuilt. 

There are five regenerator sets on each side of the melting end of 
the furnace, each one double, one chamber for air, the other for producer 
gas. {See Figure 56.) The regenerators consist of brick chambers filled 


PKJUHr: 56. — Thc3 rep;oiioral.iv'C3 cham- 
f)G‘rs for air and ^ 2 ;as. As shown in 
sketch, the chambers at the ri^j^ht 
arc ^rivinjr iii) their heat; those on 
the Jeft arc storing heat. The 
chambers are filled with a checker 
work of bricks. 



\vith a checker-work of bricks; they arc situated on a lower floor, with the 
inlets to the furnace built onto the side-walls of the furnace projjcr. When 
natural gas is used, it is not preheated, but enters directly from the con- 
duit through a flare in the wall of the air inlet, close to the burning space. 

TV lien iiroducer gas is used, the gas leaves the producer hot and is 
pi evented from cooling by insulation; it reaches the regenerator bricks 
(south side for instance) at 1100° to 1300° F. (600° to 704° C.) ; the 
legeneiator raises it to 1800° F. (982° C.) . The air in the meantime is 
brought to 2200° F. (1204° C.). Gas and air meet just inside of the 
fmnaee, so that the flame forms inward, and sweeps cross the width of 
the furnace, passing out through the regenerators on the other side (north 
now are brought to a high temperature. After 20 minutes 
-he direction of the gas and air is reversed; they enter through the regen- 
erators at the north side, sweep across the furnace and now heat the 
regenerators on the south side. The reversing is done by hand 

There takes place a gradual eating away of the brick at or below the 
level of the glass, especially near the “dog house.” The present remedy 
IS to install a set of water-cooled pipes in contact with the outside of the 
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blocks at the regions of greatest corrosion. These reduce the degree of 
corrosion, but even with these aids, blocks sometimes arc completely 
eaten away, until the glass itself is in contact wdth the water coolers. The 
glass congeals and forms its own retaining w’^all at those places. Thanks 
to this innovation, the life of a furnace has been greatly extended. One 
run of 39 months is on record; a life of 24 months is considered satisfactory, 
while formerly, 9 months ^vas a long life. 

Materials. The materials for making glass arc fed in at the “dog 
house.” A batch of 1175 pounds of the mixed raw materials, and 1175 
pounds of cullet are introduced every half hour. The batch consists of 

Pints 


Sand 100 

Soda ash 30 

Lime CaO 16 

Sait cake . 12 _ 

White arsenic 0.5 

Powdered cannel coal 0.5 


The materials arc fed from overhead bins into a mixer suspeialed on 
scales, carefully ^veighed and thoroughly mixed. The cullet (broken 
glass) comes partly from the plant and partly from outside purcliiise. 

As the materials enter the furnace, they gradually melt, but evolve 
gases quietly. Tooking into the furnace, the surface is white for a dis- 
tance of six feet; small i^its about 1 inch across may be seen; these are 
the “rabbit tracks.” Further out, there still is much w^liite matter, and 
a pattern not unlike ribbed sea-sand is visible; these arc “gingerbread”. 
A small pool some 6 or 8 inches across, caused by excess salt cake, and 
which the glass man dreads, is called ''salt water.” Onc-third of the 
way down the melting end, glass has formed, and no whiteness is visible 
any more. 



PicjUKK 57. — The do vice for rovoi’Kin<»- tho rliroc- 
l.ion of tho flame. A box with open l)ottom 
is sot, as shown, whon chambers at the left 
in Figure 55 arc stoi-in«: heat. After 20 
minutes, it is moved t.o tho nkhl., and the 
inlet for air is then the left passage , 


Just in front of the floater, the oi^crator watches for a faint line of 
white bubbles, which should be absent. 

The reactions in the furnace probably are : 


NaaCOa + k . SiOa = iSTasO . k . SiOa + 

CaCOa -f- m . SiOs == CaO . m . Si02 4- COa 
Isra2S04 + ^C -f- 71 . Si02 = NaBO . ti . Si02 + -^002 4- SO; 

wdth fc 4- m . ^ ^ a little over 5 in this case. 

Between reversals of gas and air isee Fig. 57) . the furnace is abso- 
lutely quiet for some thirty seconds, and a view may be had of the 
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glass pool which reflects every detail of the roof and sides; so cj[uiet is 
the pool that it takes a little study to tell where glass ends and exposed 
wall begins. It is a beautiful sight; a moment more, and the flames 
have appeared and fill the 'whole space, cutting off the view. 

The hottest part of the furnace is half way down the melting end, 
2600° F. (1427° C.) ; at the floater hole, just in front of the floater, the 
glass itself is 2430° F. (1332° C.). 


PiGURE 58 . — Side elevation of a 
Fourcault drawing machine. 
-4, the debiteuso, clay block 
with slit ; U and il, under- 
bridge ; F, bridge; JV, annealing 
box with burners ; Z) , level at 
which diamond line is drawn. 
The sheet coolers are shown 
just above the debiteuse. 


The gas consumed per day is 800,000 cubic feet for natural gas. 
The capacity of the furnace is 1200 tons of molten glass, when the level 
is carried at 58 inches. One inch in height represents 22 tons of glass 
T. he work pits draw 50 tons of glass a day. 

There is a normal shrinkage in the weight of the charge, due to the 
loss of gases ; it is increased further by the volatilization of some alkali 
oxides. The observed shrinkage is generally 10 per cent (see problem 3). 
In other words, for 100 pounds of raw materials charered. 90 
glass are drawn from the furnace. 
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Work Pits. The glass travels through Ihe neck into the refining 
end, finally reaching the work pits where the drawing machines are 
situated. The temperature of the glass in the i-^its is 1860^ T. (1016*^ C.). 

The essential feature of the Tourcault process is a long rectangular 
clay piece, with a longitudinal slot, through which the melted glass is 
■^paid out”, hence the term, the debiteuse. The shape of the debiteuse is 
shown in the adjoined elevation of the drawing machine. The clay block 
floats on the glass, and is forced down a short distance into the glass melt 
by adjustable arms; its delivery slot is protected by raised edges, so that 
no glass reaches it from the surface, but a'gob is forced up from below. It 
is this body of glass which is pulled up by the preceding parts of the 
sheet, to become itself a flat sheet. The action will be clear from Tigure 
58. The sheet enters the lehr, and is pulled up by the asbestos rollers 
which bear against it. The rollers on the left side are driven; those on 
the right are suspended on hinges and fi*ee to move outwardly; they bear 
against the sheet by the weight placed on tlie outside ai’ni of tlu^ liingt^ 

A flame plays in the heating box and its heat warms tliC' lehr, the 
temperature gradually decreasing as the distanc‘e from the annealing box 
increases. It reaches the end of the lehr, emerging onto the caitting plat- 
form, where it is cut into sheets. A straight line is made by a stc‘el whc'cl 
cutter by pulling it across while resting on a light wooden frame which 
the rising sheet lifts with itself. The lehr is 25 feet high, and the time of 
annealing varies with the speed of drawing, from 11. minutes for the 
lightest glass to 45 minutes for the heaviest. 

A vane under each of the rollers deflects any broken glass whic^li may 
drop down the lehr, and ejects it through small swing doors. 

The Thickness of the Glass. The same debiteuse serves for all 
thickness (called ^^strengths” in the glass factory) of glass; the strength 
is controlled by four factors: (1) Temi)erature, the liiglier it is, the 
thinner the sheet; (2) depth of block in the melt, tlic dcc])cr it is, the 
thicker will the sheet be; (3) sheet coolers, the closer, the thinner the 
sheet; (4) the speed of draw, the higher the speed, the lower the '"strength.” 
The rates of draw are roughly^ as follows: 


For 



IiK'lios 

WidUi, 




iiu*.lu*s 

iniimtt's 

single strength 

2S 

62 

12 

double strength 

IS 

63 

17 

heavy strength ( fl; inch) . . . 

11 

65 

27 

heavy strength (J- inch) .... 

7 

65 

45 


As the sheet forms, a heavy edge develops and necessitates a recess 
in the asbestos drawing rolls, as indicated in Figure 59. The edges of 
the sheet are removed on the cutting floor, by trimming 3 or 4 inches off 
the sides, and are sold for glass shelvings in small medicine closets, show 
counters and the like. The cut sheets are placed in a warm dilute hydro- 
chloric acid bath for a short time, to remove sublimed alkali which later 
would cause dullness. 
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From the cutting floor, the cut sheets are wheeled to the cutting room, 
where the glass is sorted and defects removed, always with the precaution 
to produce useful sizes. The grades are A, B, and C, defined by one of 
the government agencies. 

nruo 1 o TTrfiic:-#-. m U' kt’ 1 <=: 15^0 innhos hv f>0 inches. 


Pkjvhe 59. — Horizontal cross section 
through the Fourcault lehr, show- 
ing two asbestos rollers, and the 
glass sheet with its thickened 
ends. The rollers are made smaller 
in diameter at the ends in order 
to accomiiiodate this c^xtra thick- 



General Remarks. A slight change in temperature may throw a 
furnace out of its sttdde, and it may be two weeks before it is brougiit 
back to correct production. A change in temj:>erature may cause ^^stoncs’' 
in the slieet, which make it unsalable. In addition, there may be blisters, 
seeds, and waves, due to various derangements. Tlie heat on a glass 
luiaiace is not watclied in order that it may show a nice balance, but the 
wise oi^erator spends plenty of money for heat in order to insure steady 
I^roduction of the higher grades; it takes very little time to lose the equiv- 
alent of a fuel bill in poor glass. The choice of the composition of the glass 
is of the greatest importance; in order to indicate the general trend, it 
may be said that the short period of annealing calls for a softer glass, 

l •! iiiT* i "Ti olUoli + b o T"* XTT/'Mil/l r\+ b c:iT»ATiri C!C\ l'\o t-> 


The Coebtjrx Process 


The process depends upon the special machine invented by Colburn 
and gradually perfected. This machine consists of a cylindrical rollci' 
over which the sheet of plastic glass is bent from its original vertical 
position to the horizontal position; of a bar which starts the sheet; of 
small knurled cold rolls which set its edges; of grip bars placed bevond 
the bending roll which pull the sheet along; of a flattening table/ and 
a lehr. In addition numerous auxiliary devices, each one indispensable, 
and perfected through trial, are part of the process. hlearly all the 
essential features are covered by patents. “ {See Fig. 60.) 

The following description of the process is taken from a booklet 
published by the company using the furnace: 

To start the drawing of the sheet the Colburn machine is placed 
in reverse niotion, which allows a bait to be introduced into the drawing 
pot containing the molten glass. The bait consists of a flat iron bar 
3 inches wide and about 6 feet long, attached to the strips of flexible 
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metal which allow the bait to pass over the bending roll, down into 
the glass. The molten glass immediately adheres to this bar. Then 
the machine is placed in forward motion thus pulling the bait with its 
adhering mass of plastic glass over the bending roll into the flattening 
table and thence into the lehr. When the bait reaches the end of the 
flattening table, about ten feet from the bending roll, it is cracked off 
and removed; and the sheet of glass continues on its way, through the 
200- foot annealing lehr. 



Figukk 60. — Side elevation of scheme for making window glasrf by the ‘"flat ghiss” 
system. A., A', rollers of the same width as the sheet which food the glass to the 
i:>omt of draw; B, B', water-cooled shields which protect the sheet from flames 
from near-by biirnei's; Cx, Ca, flames to kee]j glass from cooling below the 

plastic stage; D, L>\ are water-cooled kiiiirlod rolls which form the edge of the 
sheet and pull on it; there is a pair of such rolls on each edge of the sheet. 
The edges are formed thicker than the main part of the sheet. 


'^During the drawing the sheet is kept at an even width by passing 
the outer edges of the sheet betw^een two sets of water-cooled knurled 
rolls placed an inch or two above the surface of the molten glass, just 
inside the edges of the drawing pot. These knurled rolls engage thie 
sheet for about two inches on each side and serve to sustain it at a 
constant predetermined wddth. These edges are thicker than the inter- 
vening sheet of glass, and the real pulling of the sheet is accomplished 
by engaging the outer edges of the sheet — after it has passed over the 
bending roll — between the flattening table and a series of grip bars run- 
ning in the same direction and placed just above the flattening table. 

^^The lehr is provided with two hundred power-driven rolls, covered 
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with asbestos composition, over which the glass passes in continuous 
sheet form, emerging at the end onto a movable cutting table. Here it is 
cut into sheets of suitable size, dipped in a hot solution of hydrochloric 
acid and then distributed to the cutting stalls. The sheets are graded 
and cut into commercial sizes and packed in boxes each containing fifty 
square feet of glass. This sheet glass is absolutely flat and frec_ from 
the distortions ordinarily noticed in window glass. 

The batch for this process is made up in apx:)roximately the following 
jDroportions : 100 parts sand, 35 of limestone (CaCOs) , 28 of soda ash, 
6} salt cake and 0.6 of carbon. 

Ti-ie Pittsburgh Plate Glass Process 

In this method of working, the sheet is drawn from the glass melt 
directly, as in the Colburn i3roccss, and raised vertically through the lehr, 
as in the PourcoAilt process. The task in any of these processes is to 
prevent the glass sheet to pull itself, wdiilc still soft, into a V-shape. 
What the dcbitcuse docs in the Fourcault, and the knurled rolls in the 
Colburn, is done in Pittsburgh Plate jiroccss by four drawbars reaching 
under the glass, with balls at their ends. The bars and balls rotate, in the 
sense which pulls the glass sheet outward, counteracting its tendency to 
lose width. As soon as the sheet is lifted out of the melt, the glass has 
enough set so that the danger is past. 

This process avoids the lines which irregularities in the debiteuse are 
supposed to cause on the surface of the Fourcault sheet, and also the 
irregular stresses attendant to the bending of the sheet through a right 
angle, as is done in the Colburn system. 

Hand-blown Window Glass, and the Machine Cylinder Method. 
The old way of making window glass was to blow (from the lungs) at 
the end of an iron blow-tube or pipe, held in the hand, cylinders not 
over 5 feet long nor over 15 inches in diameter. The glass had to be 
reheated before the glory hole several times, rcblown, then the two ends 
removed. The cylinder so obtained was cut lengthwise, and allowed to 
flatten in a furnace similar to the one used in connection with the machine 
cylinders. 

In the machine cylinder method, cylinders 48 feet high and 28 inches 
across were drawn upward by mechanical means. The cylinder was cut 
into 5-foot lengths, then halved, and the halves flattened in an auxiliary 
furnace with a turn table. The process became obsolete, at least in 
the United States, when patent protection on the Fourcault process came 
to an end. 

Wire Glass. Wire glass is an important structural glass. It is made 
t>y . Is-ying a steel wire netting into soft glass between two rolls imme- 
diately after the glass has been fed from the furnace. The operation may 
be a continuous one,- and a sheet 5 feet wide may be made at the rate 

The Libbey-Owens Sheet Glass Co., Toledo, Ohio, 
published by the company m 1924. ' 
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of 20 feet a minute; it is cut by bending it in the shape |___, when the wire 
breaks off easily. (aScc Fig. 61.) 

Figxired glasSy often called Florentine glass, is made by forming the 
sheet between two rolls, which may have a design cut on one or both. 
When the design is a square or a cube which must retain the proper shape 
to give the desired effect, the sheet may be formed on a table, and a roll 
bearing the design passed over it. 

Plate Glass. The composition of plate glass is approximately the 
same as that of window glass; it is a lime-soda silicate, but is tinckcr 
than window^ glass, for the sake of strength in the finished plate, and 
also to prevent, or better, reduce breakage in the long process of grinding 
and polishing which it invariably undergoes. In fact the distinguishing 
feature of plate glass is that it is free of distortions, that its surfaces 
are absolutely true. Attempts to produce a sheet of glass thick enough 



Figurh; 61. — Apparatus for th<' con- 
tinuous drawing of wiro ^lass. 
A, the glass furnace, working 
end; B, sheet of iron wire. 


to have the strength desired in large sections without grinding and 
polishing have been successful; by means of the P. P. G. or Colburn proc- 
ess, such plate can be made and is made. 

Plate glass by the standard, older process is poured in single sheets. 
The furnace may be of the continuous type, as for window glass, or pots 
may be used; the latter case is the more common. The glass from a 
pot, lifted by mechanical tongs, is poured onto a cast iron table (built 
of segments) and leveled by a heated roller. The rough plate is annealed, 
then set in plaster paris on a flat table, ground with 5 grades of sand, 
decreasing in coarseness, then 5 grades of emery, and polished with rouge. 
Both sides of the plate receive this treatment, in the course of which 
about half the thickness of the glass is lost. 

Continuous Sheet Process. In this j^rocess ^ the glass flow's from 
the furnace onto the metal table, and is leveled by passing under two 
nichrome cylinders, the second smaller than the first. The glass sheet 
continues into the lehr, 500 feet long, where it cools from about llOO'^ F. 
(593° C.) at the entry to 100° F. (38° C.) at the exit. It is cut into 
suitable sizes, mounted in plaster paris, and ground and polished as single 

Emery is the natural crystallized alumina CAloOa) ; rouge is the oxide of iron obtained by 
roasting copperas CFeSO^ . 7HoO). 

® “h'laking glass for Ford windshields," F, J. Huntley, The Glass Industry C1923), 4, 25. 1; 
“Continuous process for plate glass at Fdrd River Rouge plant,” E. P. Partridge, Ind. Eng. Cfhent., 
21, 1168 (1929). 
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plates. This process is well adapted only for fairly small pieces of 
uniform size, such as windshields for Ford automobiles. 

The most recent process for high quality plate glass is that of Biclier- 
oux/'^ in which the melted glass is poured between two rollers; the sheet 
comes out on a moving table, is fed to a lehr, annealed, and cut into 
suitable lengths. The grinding and polishing are the same as described 
above. 

Health Glasses. In order to permit the short invisible rays of the 
sun to reach the inside of dwellings and offices, the glass for the window 
must be selected for its transiDarency to such rays. Ordinary wdndow 
glass stops them by absorption. A window pane of clear cpiaidz glass is 
transparent to solar ultra-violet rays, but quartz glass is too expensive 
for general nse. Corex, made in seve3*al grades, may bo a phosphate 
glass, or it may have a composition similar to that of jiyrex. The 
pliosphate glass has a transmission practically equal to that of cpiartz 
glass, but is not completely resistant to atmospheric moisture. The 
borosilicatc corex transmits much of the solar ultra-violet, and is very 
resistant to atmosi^heric attack. Vitaglass is one of the most i)rornising 
of the health glasses developed recently; it has a good ultra-violet trans- 
mission, and is relatively inexpensive. It is a soda-lime glass of si)ecial 
composition and refinement. Substances other than glass are transparemt 
to the solar (and still shorter) ultra-violet rays, sucli as Aldur,^"* a urea- 
formaldehyde condensation product, colorless and trans])ar('nt in the 
visible. 

The health glasses undergo solarization, that is, when first exposed 
to the sun, the original transparency to the short rays diminishes by 
20 per cent; after this loss, the glass is stabilized, and continues to trans- 
mit a constant percentage of solar ultra-violet rays. 

The i^ereentage transmission of a number of materials, the 3 ‘ange in 
which they transmit, and also, the range of solar short rays, are indi- 
cated in Figure 62.^^ 

Safety Glass. Safety glass consists of two sheets of plate glass 
cemented together by a sheet of pyroxylin or thin Celluloid, forming 
as transparent a whole as the component parts singly. Such laminated 
glass may be shot through by a bullet, without falling to i)icces; it 
breaks, and is pierced, but the segments remain in place. Safety glass 
is used for automobile windshields and windows, and has been a major 
factor in reducing injuries and deaths in collisions. 

In the earlier forms, the Celluloid sheet often turned yellow and 
browm-red. This was due to the action of ultra-violet light Which was 
able to penetrate the glass; the difficulty is met by adding iron to the 


Glassfabrikatioxi,'" Dralle-Keppler, Oldenburg, Verlag Fischer Vol 1 
1926, Vol. 2, 1931, which gives the list of patents on this process. x- isont.r, voi. ±, 

-10 Buildings glazed throughout with Vitaglass include, in New York- jVIedical Arte: FrTiiitn I 
Telephone & Tdegreph Co., San CarloTApm-tmeSJs, Antl^^ny’ 

tra^mission of a new window-glass substitute/* R. H. Crist Ind Ena 
w! materials used in 
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glass batch (whereas usually it is carefully avoided) so that the glass 
shall be non-transparent to the ultra-violet light. 

There are two methods of assembling. In the dry method, the glass 
is coated with an a^queous glue solution containing a i^reservative, dried, 
and the pyroxylin sheet placed between two glass ]>lates, sandwich 
fashion. The assembly is placed in bags, evacuated, then taken out and 
sealed along the edges. In the wet method, the glass receives a resinous 
lacquer coating; the pyroxylin sheet receives on both sides an inter- 
mediatory bonding solution; the pieces are assembled, and after evacuat- 
ing, sealed all around. 



Figure 62. — Curves showinj>- the percentage of short light rays transmitted 
by various glasses and other substances. The thickness is given as 
The shaded area represents the “vital rays.” (^Sce references in text.) 


At temperatures below 0° F. [ — 18°. C.] safety glass of the standard 
type is no longer safe, while at temperatures above 120° F. 149° C.] , there 
is danger of softening of the pt^roxylin film, and again the glass has no 
longer the quality of ^'safety.” The use of vinylite resins has been pro- 
posed as a remedy, and a combination of several plastic sheets, such as 
the pyroxylin sheet with one of methacrylic ester resin. 

An entirely different safety glass is quenched glass, a single sheet, but 
with hard surfaces produced by quenching, and a softer, more elastic 
interior layer. Such a glass is expected on the market at any time now. 

Mirrors. The plate glass is cut to size; it is examined for even the 
slightest blemish, such as a scratch, which would cause an ugly spot in 

U. S. Patent 2,03:2,663. 'riiis patent gives the safety range of regular. Celluloid -laminated 
glass as 120® F. to 60® F, 
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the finished mirror; all blemishes are removed by polishing with rouge. 
As a rule the sheet is first _ beveled, freed from blemishes next, and is 
then ready for the final step, the coating wfith silver. 

Just before silvering, the glass is scrubbed, rinsed with distilled water, 
and flushed with a reducing solution, such as stannous chloride or an 
organic reducer. Without draining it, the sheet is quickly placed on a 
cast-iron hollow table top covered with felt, and kept w’arm by steam 
in the internal chamber. The glass is leveled by means of wedges and 
a soft pad under the center, to prevent sagging. A solution of silver 
nitrate, slightly ammoniacal, is poured on from a pitcher and the sheet 
left undisturbed for an hour. A lustrous deposit of silver gradually 
forms. iSText the deposit is dried, coated with shellac, and later with 
paint. 

Other procedures include, after thorough cleaning, a preliminary 
treatment with 0.1 per cent stannous chloride solution for minute, 
rinsing, and application of the mixed silver solution, containing the re- 
ducing agent added just before use. This latter agent may be formalde- 
hyde, glucose, Rochelle salt (requires boiling) , tartaric acid, and others. 

A formula might be: A, silver nitrate 10 grams, distilled water 90, 
ammonia to precipitate and then redissolve the precipitate, enough more 
water to make 1000 cc.; filter. R, silver nitrate 2 grams, dissolve in 10 cc. 
water, dilute by adding boiling winter to make 1000 cc., then add 1.66 
iirams Rochelle salt and continue boiling for 20 minutes, until nearly 
clear; filter hot, and cool to room temperature. Eciual parts of A and B 
are mixed just before using. 

The solutions need not be hot, they may be used cold, wdien a harder 
film is produced. More dilute solutions produce a thinner film, which 
may even be transj^arent.^- 

Double- walled Dewar flasks are generally silvered, and know^n under 
the trade name of “thermos.^’ 


Special Glass 


Special glasses are those which serve special purposes, and must 
possess those properties which make them suitable. The special glasses 
are optical glass, thermal glass, chemical glassware, cut glass, and colored 
glass. Compared with window glass, the tonnage they represent is insig- 
nificant; on the other hand, their price is high. 

The materials for the manufacture of optical glass must be purer 
than for common glass, and the variety is greater. Two properties of 
glass are chiefly the concern of the optical glass maker; they are refraction 
and dispersion. 

The term crown glass means a glass of low refraction and low dis- 
persion; flint glass means a glass of high refraction and high dispersion. 


^ '‘On the silvering of glass," by Donald E. Sharp, Glass Ind., 11, 273 (1930). 

^ ^ dispersion" is meant the difference between the index of refraction for the red 

line of hydrogen 710 and the index for the blue line nw . This difference is not the 
various glasses. The dispersion for any two lines may be studied. ^ 
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Fkjljiui: 63. — The Pyrex Glass telescope disk, 200 inches in diameter, after the core 
material had been removed and the surface cleaned sandblasting:, seen from 
the under side. The fii’urcs are IDr. G. V. McCauley (left) and Dr. J. C. I'Tof- 
steder, in charge of the work. (Hy special permission from the Corning Glass 
Company.) 

This rough classification serves well for general puiToses. It might be 
added that crown glass is a lime-soda glass, hence essentially the same 
composition as window glass; flint glass is a lead-potassium glass. A 
more accurate division is the following: In the expression 

refractive index — 1 

V = 

dispersion 

the glasses of the crown glass type have a v value genei*ally over 55; 
those of the flint glass type have a value below 55. 

Optical glass is made in small batches, which are melted in individual 
pots."*^"^ 

Much attention was devoted by the general public to the casting and 
transporting of a 200 inch diameter Dunre^. nri^H/^r-ting telescope dish, 

Optical glass was treated somewhat more fully in the second edition. 
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cast in Corning, . Y., and shipped to IVEoiint Palomar, C-aliftrrnia^- J^ is 
largest disk to be cast, is 26 inches thick, and weighs 2t) t<ST:^:B ^ special 
apparatus had to be constructed. Xhe reflecting surface of the disk is 
polished-, and coated with aluminum. As shown in the picture, there is a 
ribbing reinforcing the disk proper; the purx:>ose is to stiffen it, for without 
it, its own weight, when tilted, ^vould cause enough flexing to make some 
of the measurements valueless. 


Tuermal Glass ajstd Chemical Glassware 

Window glass is used because it admits light into buildings, and 
because it is cheai^. Optical glass is used in order to refract light, dis- 
perse, or condense it. Thermal glass owes its economic existence to its 
low coefficient of expansion: it can be heated rax:>idly, or cooled suddenly 
and unevenly without breaking. The best known of such glasses is 
Pyrex Glass, which is made into baking dishes, teapots, and laboratory 
glassware. The breakage of Pyrex Glass beakers and flasks is so low and 
its resistance to chemical reagents so high that it has been universally 
endorsed in nearly all laboratories, in spite of its somewhat higher price 
than common glassware. Before the war Jena glass, also a remarkable 
heat- and shock-resisting glass, was largely used in the United States. 

The comiDosition of these two glasses follows: 

SiO. Na.U ALU:* AsUa MgO CaO Fe::0:* ZnO 

f Per cent ^ 

Pyrex .... S0.62 11.90 3.S3 2.00 0.66 0.61 0.29 0.22 0.12 

Jena 64.5S 10.03 7.3S 6.28 0.12 0.08 0.10 11.78 


Cut Glass. Lead glass is used in the manufacture of cut glass because 
of its brilliancy. Batches vary, but a fairly representative one for the 
melting of such a glass might be the following: 


Stind 

Bed lead Pb.sOd . . . 
Pearl ash. K^COi* . . 
Salpetre KIN’O,** . . . 
White arsenic AsiiOa 


1000 parts 
660 
380 
130 
10 


The article is shaped by pressing or blowing, cooled in the annealing 
furnace, and passes thence to the cutting room. The design is drawn 
on the glass with a grease pencil, and is then cut in by means of a small 
metal or alundum wheel and emery; the surface of the cut is next polished 
with rouge applied on a wooden wdiecl. True cut glass may be dis- 
tinguished by its sharp edges ; imitation pressed w^are lacks these. For 
cheaper varieties, the design is pressed in and just enough cutting and 
polishing done to give the characteristic edges. The cutting of glass is 
also combined with etching to good advantage. 

In table glassware, ordinarily called decorated glassware^ a design 
may be cut on the alumina or other wheel consisting of a .series of small 
circular or oval areas. These are then dull in aonearance. similar to 
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poorly frosted glass. The original brilliant surface may be restored by 
submerging the glasses alternately in a bath of sulfuric acid, containing 
some hydrofluoric acid, and in warm water. 

Colored Glass 

The' expansion of automobile manufacture and the construction of sub- 
ways, added to increased demands for railway and maritime signals, 
has raised the importance of the colored glass production. To these 
utilitarian purposes must be added the uses of colored glass in table- 
ware, and in the art of constructing colored windows. 

The practice in making red automobile tail lights will serve as 
example of manufacture for the smaller pieces. A batch of the red glass 
is prepared in closed pots (Figure 64) ; the composition may be, for in- 



FiciUKK 64. — Closed pot used for smtill 
lots of "-lass of wiiidow-^ 2 ;lass p;rade 
and for colored ^lass. 


stance, soda-zinc, with 1 per cent selenium. The pot is served by two men 
and one boy: one takes gobs of clear glass from the inner ring in the pot, and 
places them in a mold, disconnecting the gob by means of shears from 
the pipe. The second man operates the die which, with the mold, forms 
the finished shape. The boy places the shapes on a flat tool and carries 
them to the lehr. In order to obtain the red wdth selenium, it is essential 
that a small amount of cadmium sulfide (1 per cent) be added to the 
raw materials when mixed at the start. 

Ruby red may be produced by adding cuprous oxide to a potash-lead 
glass; on cooling the glass is practically clear; it must be reheated in 
order to develop the splendid red color. Gold ruby is made by adding 
gold chloride to potash-lead glass, cooling and then reheating to develop 
the wine-red color. In the glasses just given the color is due to the col- 
loidal state of the copper and gold; it is in the study of gold ruby glass 
that Zigmondy made the observation which has led to the present impor- 
tant knowledge of the colloidal state of •matter, namely, that the color was 
due to highly dispersed particles of gold, visible in the ultra-microscope. 

Yellow glass may be made by addins selenium or uranium oxide to 
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soda-lime glass; or by adding 2 per cent cerium oxide and 2 per cent 
titanium oxide to soda-lime glass, to produce a brilliant light yellow. 

The deep blue color of cobalt is well known; it is obtained from cobalt 
oxide added to soda-lime glass; a greenish-blue is made by adding cupric 
oxide instead. 

Amber glass is obtained by the admixture of a carbonaceous material 
or iron sulfide in a soda-lime batch. 

Opal glass may be made by adding a mixture of calcium fluoride and 
feldspar to soda-lime glass. Black glass is made by using an excessive 
amount of pyrolusite and iron oxide mixed. 

Green glass owes its color usually to chromium, added as oxide or 
as dichromate. 

Glass Tubing. The manufacture of glass tubing is of particular 
interest to any student of chemistry. The liquid glass flows out at one 
end of the tank furnace, over a nozzle-like sjoout througii which com- 
pressed air is introduced. The glass is drawn out by a machine and 
travels a considerable distance; as it travels it is annealed and cooled. 
When cold enough, it is cut automatically into prescribed lengths. The 
size of the tubing and the thickness of wall are determined by tlie vis- 
cosity of the glass and b^^ the air i^ressure. When rods are to be made, 
the air is shut off*. The product of this operation is remarkably uniform 
as to size and wall thickness. The capillary tubing such as is used for 
thei'inometers is drawn in a similar way. 

Fused Quartz. In addition to glasses made up of compounds of 
silica, a glass consisting of silica alone is now available in the form of 
tubes, rods, plates, and other shapes. Plates of fused silica, or as it is 
usually called, of quartz, of moderate size, suitable for window' ]>anes, 
are also on the market, although just now at a fairly high price. Quartz 
l)ermits the ultra-violet rays above 185 millimicrons in length to pass 
through, hence its great value for health. 

Quartz has the projierty also of expanding only very slightly with 
heat, so that sudden changes in temperature do not destroy it. It is 
furthermore resistant to all acids except hydrofluoric acid. For these 
two reasons it has found application in chemical laboratories and in the 
industries. 

X-ray Glass. Metallic lead absorbs X-rays. Lead in the form of 
lead silicate in glass retains that property, so that lead glasses have 
become of importance as shields for the operators of X!-ray tubes. 

Lamp chirnneys are still made in great quantities ; they must be 
resitatant to high heat. A low'-alkali, high-silica, and high-boric acid 
glass w'as found to have the desired properties. 

Bulbs for Mazda and other electric lamps are made automatically 
by ingenious devices. 

Light passing through frosted glass is pleasantly diffused; the matt 
finish which goes by the name of frosted glass is produced by immersion 
in a bath containing hydrofluoric acid, and saturated with ammonium 

“ Chem. Met. Eng., 39 , 310 ( 1932 ). 
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bifluoride ISrH[ 4 HF 2 . Etching of a design may be done in the same way, 
except that parts which are not to be etched are covered with paraffin. 
Electric light bulbs are etched on the inside, by pouring the solution 
wuthin the bulb. 

Fibrous Glass. Fibrous glass is glass reduced by a mechanical process 
to a flexible, fiber form. On a small scale, it has been made for many years 
as a curiosity, although not as fine as is done to-day. 13y thi'ovving a 
thread of glass^ pulled from a heated glass rod^ ove^r a ra])i(lly revolving 
drum, the glass is drawn out into fibers resembling wool or silk; it is 
possible to weave cloth from such threads. Such fibrous glass is i^repared 
on the large scale to-day, and serves as an insulating glass wool, wliieh 
is fire-proof, vermin-proof, and has a low thermal coefficient, 0.266 Btii. 
per square foot area per inch of thickness per hour per It serves for 

insulation in the side walls^ floors, and roofs of dwellings. 

On the factory scale there arc ])roduced at one time numerous fibers, 
(a) , by directing a stream of fluid glass upon a rapidly revolving refractory 
disk; (b) , by allowing a stream of conijn-essed air to strike at right angles 
to the hot glass column. A modification of (b) is to allow tlie stream 
of glass to flow vertically, and to feed in the compressed air concentrically 
around the stream. The nozzles delivering tlie glass are made of 
platinum. 

Glass Bottles 

Bottles were formerly made by hand; a worker could produce about 
300 bottles a day. This is still done for special shapes, and when the 
orders call for comparatively small numbers. In such cases, the crew 
works from a 'T^losed'^ pot, and an iron blow pipe, with tlie blow ap})lied 
from the lungs. For quantity x^i'oduction of standard shapes, automatic 
bottle blowing machines have been perfected which pi'oduce in eight 
hours 6000 bottles and more. 

In a model American plant wdiich x^roduces a blue bottle for a poxju- 
lar pharmaceutical, the furnace (Figure 65) furnishes 27 tons of glass a 



bottle glass, feeding automatic 
glass blowing machines. Each 
of the 6 extensions shown, has 
a machine fed from it. 



Figure 66. — Automatic glass bottle 
making machine; the two revolv- 
ing tables. 


"TJie characteristics of fibrous glass,'' a booklet wliich can be obtained from the Coming 
Glass Co., Corning, N. Y- 

3.7 “Xbe manufacture, processing, and use of glass fibers," bv G. V. IPazsiczky, translated from 
Glastech, Ber., June, 1936, by Dr. Samuel R. Sclroles, THe, Glass Industry, 18, 17 (1937> [11 W. 42, 

New York3- 
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clay. Tlie charge consists of 1000 lbs. sand, 380 lbs, soda ash, 100 lbs, 
feldspar, 140 lbs. lime (CaO), 800 lbs. cullet; for these 2420 lbs., 1 lb. 
of cobalt oxide (CoO) furnishes the attractive blue shade. The furnace 
is fired by oil (72 gallons of oil per ton of glass). From the melting 



Figure 67. — The siicces&^ive .stops in the automatic blowinji; of a glass bottle. Upper 
row, the parison mold with its charge; lower row, the blow mold, with charge. 
Xo. 3 is the parison. 1. Parison mold arrives empty. Ueck plunger comes up. 
Charged. Compacted by pressure from the top; this forms the finish and gives 
the neck its final outside diameter and shape (upper half inch of finished bottle). 
2. Step to position 2. Counter blow head comes up. Baffle plate comes down. 
Air blow- through neck forms the cavity. 3 and 4. Transfer station. The mold 
turns between stations 2 and 3. At three, mold halves open, neck mold remains 
closed, mechanical arm moves the parison by the neck piece to 4. Here, bottom 
piece comes up, blow mold closes. 5. Hehoating time, that is, a fraction of a 
second is allowed for heat to flow from the inner part of the glass to the outside 
chilled layer. 6. First final blow. 7. Second final blow, stronger. 8. Take out. 
Final step, to lehr; mold cooling. 


end, the glass passes to the refining end, with 6 extensions, in each of 
which a clay rod moves up and down, discharging a gob of glass which 
is cut off by mechanical scissors. The gob drops into a funnel which 
guides it to the parison mold marked 1 in Figure 66, which shows the 
two revolving tables of the bottle blowing machine.^® This figure with 
Figure 67 will make clear the operation of the machine. 

The charging of the furnace is continuous, so that the level of the 


“ For a picture and UirtW description of automatic bottle blowing machines, ae« 
Yort“D."^SrN^trand- S*. Constabll & Co.. Ltd" 


“Textbook 
1925 ; JNTew 
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Figure 6S. — The new Pyrcx 
Glass construction unit, con- 
sisting of a closed cell con- 
taining air at reduced pres- 
sure, and shown as it would 
appear from the inside of 
the room ; manufactured by 
the Corning Glass Works, 
Architectural Division, Cor- 
ning, N. Y. 


glass melt is strictly stationary, insuring regular feed to the blowing 
machines. 

The discharge from the blowing machine is onto a conveyor^ from 
which a mechanical arm picks up the bottles one by one and places 


P'^iGURE 69. — A lighting and 
ventilating grille of Py~ 
rex, to illustrate Corning- 
Steuben architectural 
glass. 


them, spaced irregularly, onto a moving platform which travels through 
the lehr for the annealing period. The rate of production is 1 bottle in 
4 seconds, 900 an hour, for each machine. 

Any ordinary bottle shows a thick zone two-thirds of the way down, 
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marking where the parison ended. A line just under the neck marks 
the mold for the “finish."^ There are two lines up and down on each 
side. The first marks the halves of the parison; the other^ the halves of 
the blow mold. A line near the bottom marks the blow piece at stei^ 4. 


Glass CoxsTRucTio:Nr Block axd Arclutectural Glass 

For several years T>astj the popular, demand for transparent walls 
have stimulated engineers; there is, as a result, available to-day a P^^rex 
Glass construction unit, shown in the adjoined figure, measuring 11 if" 
X 11^" X 4". It is a hollow cell, with indentations on the sides, to bind 
the Portland cement mix which is the cement recommended. At the 
same time, the highly decorative effects of molded and shaped glass has 
led to the manufacture of architectural glass, such as lighting panels, ven- 
tilating grilles (such as shown adjoined) , and panels of great beauty. As 
a material for construction for the chemical engineer, Pyrex and similar 
glasses have long proved indispensable.^^ 


Table 20. — Selected Items in the M anufcie Lures of Glass a 7 id Glass Prod act s, 10H5 

(Bureau of the. (Jcusies) 


SQuure feet Value 

Window glass 428,938,357 $18,180,053 

Plate glass 177,263,478 41,818,918 

Wire glass 11,960,829 1,369,144 

Obscured glass 14,372,434 1,644,350 

Total flat glass 68,266,602 


Laminated glass (safety glass) .... 53,282.938 

Mirrors 13,797,368 

Cu tware 2 ,759 ,643 

Decorated glassware 1,764.205 


Other Patexts 

U. S. Patent 1,880,540, electric furnace for melting glass and new type of elec- 
trodes for such a. furnace; 1,920,366, drawing thermometer tubing; 1,838,162, appa- 
ratus for producing glass tubing; 2,064,361, spectacle glass composition to give a 
taint pink shade; 2,056,627, ultraviolet transmitting glass; 1,852,218, apparatus for 
feeding molten glass ; 2,005,494, feeding glass by alternate application of pressure 
and vacuum; 1,999,562, continuous production of “plate” glass with one rough anci 
one fire-pohshed surface; 2,012,583, method of manufacturing bottles; 2 030 810 
glass forming and gathering machine; 2,045,716, apparatus for casting large t€descoT>o 

/or melting glass; 1,981,636, making lamp bulbs from tubing; 
2, 034.920, hollow- ^glass building blocks ; 1,788,312 and 2,069,130, on glass Iilowin-- 

machines , l,970,3o4, on means for feeding glass to the blowing mii chine . 

Problejvcs 

, 1. Compute the total number of square feet of floor area in the furnaoo 

described in the text, with the melting end 52 feet by 26 feet included Where 
are missing, scale the drawing, for it is made to scale. Each one inch 
ot height of glass is equivalent to 21.5 tons of glass. What is the apparent specific 
pavity of the gla^ss melt fre^ this relation? What is the total ^acity of the 
furnace, to a height of 62 inches? i-m. 


See Pyrex Glass liner in 


ammonia converter in cnaprer o; anci compare item in cJiapter 45, 
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2. If 60 tons of glass per 24 hours are drawn from the furnace do^scribed in 
Problem 1, how long does any one pound of glass spend in the furnace? 

Note: This estimate should be made first on the basis of the calculated capacity, 
in order to indicate the magnitude of the movement. In reality, only the upper 
10 to 16 inches of the melt moves and it is this layer which furnishes glass for the 
daily withdrawal, so that the rate of mov'emcnt is faster than first computed. Base 
other estimates on movement of 10-inch layer, then 16-inch. The higher the tem- 
i:>erature, the deeper the layer which moves. The lower immovable portion is 
colder and hence more viscous. 

3. The materials charged into the furnace every half hour are given in the text. 
The shrinkage due to loss of COn and SOa, calculated on the basis of pure materials, 
would be how much? Express in terms of percentage of the total charge. 

If your calculated shrinkage is less than 10 per cent, which is the usually 
observed shrinkage, the difference might be explained on the loss of moisture, alkali 
oxides, and other volatile impurities. 

4. What will be the molecular formula of the glass? (Divide parts by weight 
by the molecular weight of the oxide, tabulate quotients, and divide by the 
smallest.) 

5. Examine a number of bottles for the telltale linos indicating the st.eps in 
the automatic blowing operation as desc‘.ribod in the text. 

Read i n-o Rkfe re ces 

“A textbook of glass technology,” F. W. Hodkin and A. Cousen, London, Con- 
stable & Co., Ltd,, 1925; New York, D. Van Nostrand Co. 

‘‘Continuous process for idato at Ford River Rouge plant,” E. P. Partridge, 
Did. Eng. Chem,, 21, 1168 (1929). 

^‘Manufacture and characteristics of laminated glass,” Willard Ij. Morgan, Ind. 
Eng. Chem., 23, oOo (1931). 

‘"Laminated glass absorbs attention of throe industries,” James F. Walsh, Cham. 
Met. Eng., 37, 418 (1930). 

“Sight-seeing at Corning,” Chera. Met. Eng., 39, 310 (1932). 

“The manufacture of optical glass and of optical systems,” Licut-Col. F. E. 
Wright, Ordnance Dept. Document, 2037, 1921. 

“Jena glass and its scientific and industrial application,” Hovestadt, translated 
jy Everett, New York, Macmillan Co., 1902. 

“An investigation of selenium decolorising,” E. J. Gooding and J. B. Murgatroyd, 
7. Soc. Glass Techn. (British), 19, 42-103 (1935). 

“The 200-inch telescope disc,”' George V. McCauley, J . Soc. Glass Technology 
'British), 19, 156-166 (1935), with numerous illustrations; also published in Bull. 
4m. Ceramic Soc., 14, 300-322 (1935). 

""The manufacture, processing, and use of glass fibers,” by G. V. Pazsiezky, 
translated from Glasstech. Ber., June (1936), by Samuel R. Scholes, The Glass 
^ndnstry, 18, 17 (1937). 

""Defects in glass,”’ C. J. Peddle, London, Glass Pnhlications , Ltd., 1927. 

""Modern glass practice,” Samuel R. Scholes, Chicago, Industrial Publications, 
nc., 1935, 

""Feldspar as a constituent of glass,” edited by Donald -E. Sharp, New York, 
national Feldspar Association, 1937. 

“The behavior and misbehavior of glass in tanks,” F. W. Preston, Bull. Am. 
Ceramic Soc., 15, 409 (1936). 

“The manufacture of rolled jjlate,” Ernst Lutz, translated from the German, 
Glass Industry, 11, 227, 255, 277 (1930), and continued through 1931 to 1932, 
a installments, a comprehensive treatment. 

""Considerations in developing a mineral wool industry,” Charles F. Fry ling and 
)rval White, Chem. Met. Eng., 42, 550 (19 



The industrialist deals not only 'with raw materials and 'products of 
reactions, hut also 'with fuels, steam and electrical power; frequently 
it is the cost of these rather than the cost of raw materials 'lohich de- 
termines whether a certain enterprise shozild he continued or giuen up. 
Hydroelectric power is cheaper than steam- generated power; it supple- 
ments the latter in a wide territory , not merely locally, for it is feasible 
to transfer^ high tension current over distances of several hundreds of 
miles 'iciih almost no loss. 


Chapter 12 

Fuels, Steam Boilers, Hydroelectric Power, Steam 
Power, and Production of Gold 


There are only a few industrial chcmieal proeesses in which fuel is 
unnecessary; an examrile would be sulfuric acid manufacture. By far 
the greater number of jirocesses require fuel, or heat iiroduced by i*e- 
sistance to the electric current. High temperatures, in the neighboi-liood 
of IGOO"^ C., are rea(*hed by the direct tipplication of fuel, as in the rever- 
beratory furnace.^ More moderate tem]ieratures, in the neighborhood 
of 100^ C., are conveniently reached and maintained by means of steam 
in jackets, in coils, or led directly into the reacting mixture (wet steam) . 
Soft coal is the irniiortant solid fuel at present; the term includes bitu- 
minous and semi-bituminous coal. Anthracite - lias only slight impor- 
tance for the chemical and allied industries; soft coal is more abundant, ■'* 
cheaper, and in man^^^ cases is piref erred because of its long flame. For 
the manufacture of coal gas, only bituminous or semi-bituminous coal is 
used; if it be chosen of the coking variety, there is left in the retort 
another valuable semi-manufactured fuel, coke,^ the most suitable fuel 
for iron blast furnaces and similar processes, for its hardness and strength 
permit it to carry great loads without being crushed. Pulverized soft 
coal burns like a gas. The liquid fuel is chiefly 'Tuel oiT^ '"“y it is burned 
under boilers, in furnaces of all kinds, to a smaller extent in I3iesel 
engines,^ internally. Gasoline is a specialized fuel, used for internal 
combustion motors. The gaseous fuels besides coal gas are natural gas, 
water gas, producer gas; for the production of the latter, lignite® may 
be substituted for the soft coal usually used. 


^ C om'pare introduction to Chapter 17. 

“ importar^ anthracite area in the United States is northeastern Pennsylvania (Scranton. 

Wilkes-Barre, Alauch Chunk). * 

^ There are about 400 anthracite mines and 9000 soft- coal mines in the United States. 

^ Chapter 14. 

® Chapter 24. 

(500 poumds^^^^^^ engine has no spark plug; ignition temperatui-e is reached by compression 
Chapter 15. 

- + ® Lignite contains water ; the extensive deposits in the West will probably not be worked 
in^nsively until coal is exhausted, except for local needs. North Dakota lignite is being mined 
now C1937) and utilized for making gas and briquet fuel iignu-e is oeing minea 
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A comparison of the heat value ® of the several fuels is given in 
Table 21. 


Xable 21- — Oom’pari&on of Heat Values of Various Fuels. 


Antliracite, fixed carbon about S7 per cent poi- pound 13,500 

Bituminous coal, fixed carbon about. 60 per cent ‘‘ “ 14,400 

Coke, fixed carbon about 92 per cent “ 12,900 

Wood, dried 8,000 

Charcoal “ 12,800 

Fuel oil “ 18,500 

Kerosene , “ 20,000 

Natural gas por cubic, foot 1,100 

Coal gas “ 600 


Btu. 

it 


It is evident from this table that bituminous coal is a high-grade 
fuel. It occurs in almost limitless quantities in the United States; a recent 
estimate is three and a half trillion tons, counting all types of coal. The 
deposits in England are next in importance; next in order would come 
France, Russia, Germany, and Belgium. Within the United States, 
western Pennsylvania and West Virginia Icad^^; other eastern and 
southern States with important outputs are Virginia, Maryland, Ten- 
nessee, Alabama. In the middle west, Ohio, Illinois, Indiana, Iowa, 
Missouri, and North Dakota have important coal resources; further west, 
Wyoming, Colorado, Utah, New Mexico, Oklahoma and Washington. 
Coal is generally agreed to be of vegetable origin. 

The methods of mining differ greatly. In the Pittsburgh district, 
a five-foot seam near the surface, so that no shaft is necessary, but 
merely inclined tunnels, is mined in the following way: “Rooms,’’ 250 
feet deep and 20 feet wide, are marked out and the coal removed, leaving 
a wmll between the chambers; a coal pillar must also be left around any 
oil-well casing, reaching to the oil-bearing strata underneath. Within 
the room the cutting of the coal is done b^^ electrical machinery and 
dynamite. The cutter, a low steel truck carrying two motors, travels 
on the narrow-gauge tracks in the tunnels to the room ready for a cut; 
within the room, it is hauled on timbers, pulling itself by means of 
a steel cable, drum -wound, looped around a temporary brace jammed 
between the ceiling fthe height of the room is the height of the seam, 

^ British, thermal unit, the heat required to raise 1 pound of -water 1° 'F.-, it takes 4 Btu. 
to equal 1 large Calorie, the heat required to raise one kilogram of tvater 1° C. (at 18° C.). 

10 The British coal fields are: a. The southern, including South Wales and Monmouth, and partly 
under the sea; the coal is of all varieties, bituminous, anthracite, and intermediate; the seams ore 
rarely over 3 feet in thickness, usually less. b. The central fields, ISTortli Wales, Yorkshire, Derby- 
shire, which yield coking bituminous. c. The northern fields, Scotland, Durham, which give good 
coking coal. The Ruhr district gives mainly coking bituminous. The basin in rsTorthern France 
adjoins and _m fact is part of the Belgian field ; the coal is bituminous of all varieties. The Saar 
Valley coal is non-coking. 

^Production in millions of tons C1934) (Bureau of Mines) W. Va., 98.1; Pa., 89.8; Til., 41.2; 
Ky., 38.5; Ohio, 20.7; Ind., 14.8; Va., 9.4; Ala., 9.1; Ool., 5.2; Wyo., 4.4; Tenn., 4.1; Iowa, 3.7; 
Mo., 3.4 Klans., 2.5. Total bituminous 359.37 million tons (1934) with value $1.75 a ton. 
Anthracite 51 milion tons. Pa., 1935. 1931, grand total for all coals, 437.64 m. tons* for 1929, 

grand total 534.99 m. tons. 1930 price, bituminous, $1.70 ; anthracite, $5. 

12 The very interesting_ and rather satisfactory theory that coal is a petrified residue of pre- 
historic fruit of various kinds, -rich in oily matter, sugar, starch and albumen, has been advanced 
recently. Such fruit would stand in the same relation to ours as the dinosaurs to our present-day 
animals. Amber is an example of petrified gum, whose histoi*y we know. Private publication by 
Dr. Samuel Braun, Beregszasz, Czechoslovakia, 1926. Petroleum had its origin, in tliis theoretical 
consideration, in the oil of ripened olives the size of melons, which flowed into cavities in the 
earth s crust ; by later geologic events, these chambers were sealed. 
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5 feet) and the floor. The cutter has a 9- or 10-foot tongue close to the 
floor; an endless chain carrying short stout knives travels along its edges, 
actuated by a sprocket wheel driven by the motor. Tower is taken by 
a flexible drum-wound cable from the copper lead in the tunnel. The 
tongue is allowed to penetrate into the wall close to the ground, cutting 
away the coal. The fine coal is swept but by the knives; during this 


Figure 70. — Curves showing the rela- 
tive importance of the several 
sources of energy over a period of 
years. Curve 1, coal; 2, petroleum 
oil and natural gas; water power. 
3. The sharp drop in coal and 
equally sharp rise in oil and gas 
is well shown, to 1932 ; since then, 
the lines are roughly parallel. The 
water power is conv^erted into its 
coal equivalent by accepting a 
unit consumption of 4 pounds of 
coal for each kilowatt hour. (Fig- 
ures from Bureau of Mines, Coal 
Economics Division, Feb, 10, 1937.) 



operation, the cutter is hauled close to the wall by the cable, and this 
pressure forces the knived belt of the tongue inward. With the tongue 
all the way in, the belt continues running, and the cutter is slowly moved, 
again by its own cable, from one side of the room to the other, clearing 
a horizontal space 6 inches high, 9 feet deep, and 20 feet tvidc. The 
cutter is now removed from the room by its two operators, and the miner 
takes charge; two or more holes are drilled into the coal, 5 feet deep, 
and set close to the ceiling; they are filled with dynamite and fired. 
In nearly every case the whole block, 5 feet by 6 feet by 25 feet, is tumbled 
down.^^ The miner with his helper loads the coal on the low mine cars 
and these arc pulled out by an electric locomotive, at high speed, to the 
breaker house or tipple where the coal is crushed somewhat, freed from 
fines, and loaded by gravity (the breaker house is elevated) into rail- 
way cars.^^ 

Por household use, anthracite is preferred to soft coal,!^? at least in 


of the room is so planned with reference to the structure of the coal that the 
blast finds the lines of weakness, and as a result the coal falls forward with minimum Wasting. 

The Primrose Mine, Carnegie Coal Company, Pittsburgh Pa 

beinrmine^”*lisSle'^d°*?A Ipe'^ral *’Sf41i\^d "retSr*^“ 

ItudyV neighboring states. The development ®of bv-moducte int^ive 
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the areas not too far from western Pennsylvania. Its use has been made 
more attractive by the application of a spray of calcium chloride solution, 
which prevents the formation of dust. 

“Blue coal’’ is anthracite sprayed with a suspension of finely divided 
ultramarine or “Celestial Blue” in water, followed V^y partial or complete 
drying.^^ 

The distillation of coal is presented in chapter 14; its hydrogenation, 
in Chapter 24. 

Steam Boieers 

Stationary boilers fall into two classes; water-tube bailers, in which 
the water is inside the tubes, the fire gases on the outside, and fire-tube 
boilers, in which the fire gases pass inside the tubes, while the water 



gases. 

is on the outside. Either type has also one main drum or several drums 
which carry the greater part of the water. Locomotive boilers and most 
marine boilers are fire-tube boilers. 


XJ. S. Patent 1,688,695, to Dr. Gustavus J, Esselen; no adliesivc is required. 



12. FUELS, STEAM BOILERS, HYDROELECTRIC POWER 


211 


The water-tube boilers are more efficient, safer, and are used for 
medium pressures, such as 200 and 275 pounds steam pressure per square 
inch; their development is more recent than that of the fire-tube boilers. 
The Babcock and Wilcox, the Stirling, and the Heine boilers are \vater- 
tube boilers. In Figure 71, it may be observed that the fire gases strike 




Figurk 72- — A firo-tube boiler, with hand-firod grate i.ind natural draft ; Ihf^ 
stcauii loavori at 1; the feed water is deliv'ered at 2 ; the blow-off cock is 3. 


the tubes at right angles; while in the fire-tube boilers, the j^ath of the 
fire gases is parallel to tlie tubes. The exchange of heat is more rapid 
with the former construction. An illustration of the fire- tube boiler is 
also given (Figure 72) ; it is cheaper in first cost, well suited to smaller 
plants, particularly for pressures of 60 pounds per square inch.^^ Both 
illustrations furnish a number of details. 

The material for the drums is mild steel, usually one-half inch in thick- 
ness, riveted; the tubes are rolled or spread to fit. In the superheater, 
shown in the water-tube boiler sketch, the steam, after it has left the boiler 
s^-stem proper, is passed through a nest of pipes placed in the flue gases, 
where its temperature is raised 100 or more degrees above the boiler steam 
temperature. This treatment raises the work value of the steam, and is 
important for steam used in engines and turbines; for steam used for 
heating coils and jackets, such as the chemical engineer requires, it is 
less important, for it does not raise the heat value of the steam by very 
much.^^ For this reason it is common practice, in plants having high- 
pressure steam, to use superheated steam in a single-stage engine working 
between 275 pounds and 40 pounds, and to use the exhaust steam for heat- 
ing. n general, exhaust steam from pumps, engines, and compressors is 


the steam must travel a long distance 
IS preferred, for smaller pipes will transport the 
pressure steam. 


(2000 feet for instance), high-pressure steam 
same amount as larger pipes carrying low- 


a^heat. B^u ® f 

with rise in pressure: 60-lb steam is 20'!“ 'B' inn ik ‘ Btu. Xhe temperature of steam rises 

Book^'c™® '‘Mechanicai’Bngiieers’' H^Sdbook/' Wew 
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collected in steam drums and fed from here to heating coils, sending fresh 
steam from the boiler into the drum only when the supply of exhaust 
steam is insufficient.^^ 

A high pressure steam boiler for a chemical plant, with a high degree 
of economy of operation and reliability for continuity has been described 
and illustrated. Three such boilers generate 260,000 pounds of steam per 
hour at 250 pounds pressure. 

High Pressure Steam. Very much higher pressures are developed 
in water-cooled furnaces, that is, in water-tube boilers having a part of 
the tubes set in fire-bricks and forming the walls. Within tlie furnace 
space so provided, pulverized coal or oil is burned, with the development 
of high temperatures which would damage the walls were tlicy not water 
cooled. The wmter is vaporized at a high rate, and the pressures developed 
are of the order of 1500 pounds per square inch. An example of such an 
apparatus is the Bailey water-cooled furnace manufactured by the Bab- 
cock-Wilcox Co. Distilled water, absolutely free from mineral matter as 
w^ell as from dissolved gases is the working sul>stancc for the high pres- 
sure boilers. 

High. Temperature Vapors. For the development of high tempera- 
tures, diphenyl boilers, or diphenyl oxide boilers are in use. With a pres- 
sure of 144 pounds per square inch (gage pressure), a temperature of 
750"^ F. (399° C.) is attained. The pressure is moderate, and the tem- 
perature may be maintained constant without any difficulty. 

Mercury vapor has been used as the working substance in a boiler 
and turbine for several years, and on the experience gained thereby, two 
new improved mercury vapor systems have been installed at Hartford, 
Conn., and an outdoor station at Schenectady. 

In the original 1928 installation, an overall thermal efficiency of 33 per 
cent was obtained over the year. In the new’' ones, it is expected that 
36 per cent will be reached. Mercury in a porcupine boiler, C37-lindrical 
wdth finger-like extensions on its low^er j^^rt, preheated, is vaporized by 
direct heat from an oil burner; a temperature of 885° C. (1625° F.) , under 
a pressure equivalent to a column of liquid mercury 17 feet high, is 
recorded. The mercury vapor drives a turbine; the exhaust vapors pass 
to a steam boiler, in w’^hich 400 pounds of steam is raised. The steam is 
superheated and drives a turbine also. 

Boiler Rating. Boilers are rated in boiler horse powers. Generally 
10 square feet of heating surface, shell and tubes, are considered equiva- 
lent to 1 boiler horsepower; such a surface evaporates 34.5 pounds of 
water at 212° F. to steam at the same temperature (33,475 Btu.) per hour. 
This method is being gradually displaced by a rating in terms of the 
pounds of water a boiler evaporates per hour. 

Water Softening. In order to prevent or at least minimize scale 
formation, the water fed to the boiler must be freed from dissolved cal- 
cium and magnesium salts. For water with carbonate hardness, containing 

The regulation is by means of a Locke damper regulator. 

^‘Cheaper power for the chemical industry," W, S. Johnston, Ind. Eng, Chem,, 23, 476 C1931^. 
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calcium carbonate held in solution by carbon dioxide, milk of lime may 
be added, which will cause the precipitation of calcium carbonate. For 
water with non- carbonate hardness, containing calcium sulfate, soda ash 
is used. The treatment is best performed in separate vessels, and the 
water filtered by percolation through sand; or the softening chemical is 
sent directly into the boilers. In either case, the boiler must be blown 
once or more often per day, for the soluble salts accumulate, and such solu- 
tions cause ^^priming,” and other difficulties. By opening the blow-off 
cock, shown in Figure 72, a portion of the contents is removed and replaced 
by cleaner w'ater. The task of supplying clean wmter to the boiler is 
lightened by returning all clean condensed steam to the boiler room. The 
boiler feed water is generally preheated. 

Becent work in the Bureau of IVIines has led to the recommendation 
that trisodium phosphate be used for conditioning boiler water. The 
muds formed are more soluble, or as soluble, in the very hot water and 
tlicrefore do not form a scale, but float so that they can be removed by 
a special filtering installation. It has been shown in the course of this 
work that soda ash solutions tend to render steel brittle. 

The carbonate hardness may also be removed by heating in a vessel 
with trays, having provision for the escape of the carbon dioxide driven 
out. The calcium carbonate precipitates on the trays, which are removed 
and cleaned periodically. Non-carbonate hardness is not removable 
by this method. 

Another w’ay to soften water is to pass it, cold, over zeolites,-^ as 
described in the next chapter, where the subject of water softening is 
presented in more detail. 

Mechanical Stokers. Hand shoveling of coal is still practiced, and 
in smaller jolants has much in its favor. In larger plants, mechanical 
stokers are used in order to save labor, but also to prevent smoke and to 
give a more uniform fire. The Taylor stoker has an inclined stationary 
grate; each ""retort” has two rams or jolungers, one above the other, and 
a number of retorts make up the stoker. Between the retorts a step-like 
surface is provided, with holes at each step through which the forced 
draft enters the fire. The upper ram moves fresh coal under the blanket 
of fire, so that the heat causes the volatile portions to pass out and over 
the bright fire where they are consumed, thus preventing smoke. The 
lower ram pushes the bed of coal outward and dovmward toward the 
dumping platform. The motion of each ram is slight, only a few inches, 
and the strokes are 1 in 2 minutes (adjustable). The Taylor stoker 
belongs to the class of underfeed stokers. 

The Roney stoker is also an inclined stoker, with bars running the 
full length of the fireplace and moving separately, at intervals, so that 
the blanket of fire advances slowly downward toward the dumping bars ; 
it belongs to the overfeed stoker class. Still another mechanical stoker 
is the chain grate, consisting of an endless belt as wide as the fireplace 
moving very slowly toward the rear of the boiler. Fresh coal is fed bv 

^ Ind. Eng. Chem., 19 , 445 ( 1927 >. 
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gravity to one end of the grate which carries it into the hot zone ; at 
the txirn, the ashes are dumped. The chain grate stoker operates with 
natural draft. 

A flue gas analysis indicates if proper burning takes place; no carbon 
monoxide should pass out as such, but should be burned to carbon dioxide. 
The excess of air should be small. Such analyses are made by means of 
the Orsat apparatus, carrying a measuring bulb and absorption pipettes.^^ 
This control is used constantly, but is more important with hand firing 
than with mechanical stokers. The temperature of the stack gases is 
500° to 600° P. (260° to 315° C.) If the load on the boilers is not 



PiGuiiK 74. — Assembly of generator, water wheel and. casing, and draft tube 
for the escaping water. The w^ater from the penstock, at right, roaches 
the casing in the wider part first. Mean level of river shown at R. 
Niagara Falls Power Company Plant 3P. (By permission.) 


steady, that is, if steam is drawn off irregularly, it is important to alter 
the intensity of the fire by altering the draft; in case of hand firing, with 
natural draft, a Locke damper regulator is a simple equipment which 
responds quickly. Automatic carbon dioxide recorders arc on the 
market.--^ 

Even mechanical stokers are classed now with the developments of 
a past age; the present day method of applying coal energy to the boiler 
is by means of powdered coal. A heavy duty pulverizer is set close to 
the boiler, and is swept by a blast of air which carries the fine coal 
(through 200 mesh) into the burner, w^here it burns like gas or oil. There 


c ** pyrogallol for oxygerx; 

York"^McGra«°H^U “Mechanical Engineers’ Handbook,” New 

For €sxarnple "the Itanarcx, described in Chapter 46 . 
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accumulates a melted slag in the bottom of the boiler setting, and this is 
drawn of£ by tapping just as a blast furnace is tapped. To complete the 
picture of a first class utility installation making electrical energy from 
coal; each boiler is 70 feet high; it e^^aporates 620,000 pounds of water 
per hour; the steam pressure is 450-475 pounds, and the superheat is 
680-750^ F. (360-399^ C.) Each boiler has 1,320 tubes (water tubes), 
4 inches in diameter, and 24 feet long. The water is all previously 
distilled. The steam is applied to a turbine generator, as stated further 
on. As to efficienc^^, such a plant as this has a consumption of 0.95 pound 
of coal per kilowatt hour generated. 

Hydroelectric Power 

The utilization of water power to its full capacity is a modern develop- 
ment which had to wait until the science of generating electric current was 
sufficiently advanced. By means of the electric current, the enormous 
quantity of power developed in one spot, at a waterfall, for instance, may 
be distributed over a wide area, many miles away. If water power had 



Fkjurk 75. — -Horizontal cross-section through water wheel, wicket 
gates, guide vanes, and casing. The water wheel is 16 feet in 
diameter, and its speed is 107 r.p.m. The water escapes down- 
ward. K^iagara Falls Pow’^er Company Plant 3B. (By per- 
mission.) 

to be used as mechanical power (rope and belt drives), the present-day 
developments would not exist. Hydroelectric power is important because 
it is independent of a supply of coal. The cost of installation of a hydro- 
electric power plant is much greater than the cost of installation of a 
steam power plant, but the running cost is lower. 

Huntley, Niagara Hudson System. 
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Water power is transformed into electrical power by applying the 
water to a wheel (turbine) , which carries on the same shaft the pole pieces, 
for example of an alternating- current generator; the armature is station- 
ary. The opposite arrangement is used less often. At iSTiagara Falls, 
the voltage is 12,000; for distance transmission, this current is raised to 
60,000 volts in oil transformers. Direct current is produced from the 
alternating current by applying it in the separate manufacturing plants 
to the motor of a direct-current generator. Water power may also be 
transformed directly to direct current. 


Table 22. — Capacities for the Major Hydroelectric Power Projects in Kiloimt Is. 

( Esti7natcd, J'line, 1937) 


jSTiagara river, at jSTiagara Falls 

Boulder Tam, Colorado river 

Grande Coulee, Columbia river 

Bonneville, Columbia river 

Wilson Tam, Tennessee river 

ZSTorris Tam, Clinch river 

Pickwick Landing Tam, Tennessee river 

Wheeler Tam, Tennessee river 

Chickamauga, Tennessee river 

Guntersville Tam, Tennessee river 

Conowingo, Susquehanna rivt>r 

Total potential capacity for the United States*'^ . 
Total installed capacity, U. S.* 


Present 

Ultiinatt) 

installed 

installed 

caiDacity 

986.000 (Can.) 

561.000 (N. Y.) 

fimi power 

115,000 

1.000,000 


2,520.000 

688;000 

261,400 

620,000 

132.000 

235,000 

96,000 

288,000 

90,000 

612,000 

72,000'*“*^ 

210,000 

68.000'*”*^'*' 

134,000 

378,000 

594,000 

20,000,000 

80,000,000 


The flow of the \vater over the year is steady for the ISTiagara river, fairly 
steady for the Colorado and Columbia rivers; it fluctuates widely for the Tennessee 
river and the Susquehanna river. In installed capacities, the states rank as fol lows'*' 
for 1936: California, 15.2 per cent of total; IsTew York, 11.7; Washington, 6.4; ISTorth 
Carolina, 6.1; Alabama, 5.4; South Carolina, 5.0; Maine, 3.8; N^ew’ Ham]>shire, 3.6; 
Ponnsylv’-ania, 3.5 ; Georgia, 3.5. 


* Geological Survey, January 6, 1936. 
** To be completed in 1939. 

*** To be completed in 1938. 


The penstock brings the water from the upper level to the level at 
which the waterwheel is situated, and delivers it to a spiral casing sur- 
rounding the wheel. It enters the buckets of the wheel and escapes 
downward, best through a draft tube in which suction is developed which 
acts on the wheel by decreasing what might be called the back pressure. 
In the latest plant at Niagara Falls, the penstock is cut into the solid rock, 
lined with concrete {see Fig. 73). The second illustration (Fig. 74) indi- 
cates the relative location of penstock, casing, water wheel and generator ; 
while the third (Fig. 75) gives details of the casing and water wheel. The 
generator shown develops 37,500 horsepower or 28,000 kilowatts (27,964) . 

The capacities for the major hydroelectric power projects are shown 
in Table 22. 
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STEAM-GE]SrERATED PoWER 

Steam is not usually generated from electric cui'rent, but a practical 
method for such generation has been described.-^ The opposite process, 
however, the generation of electrical power from steam, is a universal 
one. A steam plant may be installed at lower first cost than a hydro- 
electric power plant; it may be installed at any point to whicli coal may 
be hauled; it has the third advantage of being flexible, that is, it may be 
shut do%vn in part or in total for certain hours in the day. ITydroelectric 
powder on the other hand cannot be shut down economically, feu' tlui raw 
material, the flowing water, passes at the same rate over the 24 liours. In 
the Buffalo district, the basic load, which is even over tlio 24 liours, is 
furnished by hydroelectric power; the morning and evening peak loads 
are carried by a large steam plant, of over 4()(),0()0 horsej lowca*. By this 
combination, economical use of -both soiu’ces of |)ower is luadca 

It w^as estimated in 193G and 1937, tliat the initial in vt^si-nuail for a 
steam jjlant is $83 per kilowatt hour to be produca^d, and for a. liydroelec- 
tric plant, S250 per kilowatt. 

The cost of coal at the mine is about $2.00 per long ton (1937); to 
this must be added the cost of freight, which to many large (‘.enters, equals 
and even sux’passcs the original cost. For this reason steam plants situated 
at the mines have a great advantage, and can manufacturer cde(*Lri(r cur- 
rent at a lower cost. This current may^ then be transmi tixrd ovirr liigh- 
tension lines as the hydroelectric i30W’'er is. Such steam plants arc. <*alle(l 
mine-mouth xolants. 

The modern method is to superheat the steam and to apply it to a 
steam turbine wuth horizontal shaft, which carries the Fade I of an alternat- 
ing-current generator. For example,^"^ a Curtis steam turbine with 13 
or 16 stages may be used. Each stage consists of a turbine whcrcl with 
numerous curved copper buckets about 3. inches long and threc-cpiarters 
of an inch wide, set radially near the periphery, and a stationary piece 
with similar copper pieces set in the opposite sense; tlicsc'. act as guides 
for the steam and send it into the curve of the rotating bxuflvc^ts. The 
speed is 1500 rpm. and the capacity of each generator varies from 20,000 
to. 35, 000 kilowatts; the voltage is 12,000. Tlie steam cntc.i-ing the tur- 
bine is 675° F. (357° C.) ; tlie last stage leads to a surface conclcvnser, so 
that the pressures are 260 pounds at entry, and 12 pounds l)cl(>vv atmos- 
phere at exit (in absolute lircssurcs, 274.5 and 2.5 rcs]xcctiv(dy) , a range 
of 272 pounds. 


Conn Prodxjctiotst or Refrigerattotst 

Temperatures just above the ice point, and below, are reached with 
the aid of chemical refrigerants chiefly. Arranged in the order of their 
importance, the substances used are anhydrous ammonia, carbon dioxide, 
sulfur dioxide, methyl chloride, ethyl chloride, and paraffin hydrocarbons. 


23 '-'Xhe electric steam generator/^ an article by Horace Drever, Ind. ^ng. Chem., 14, 923 (1922) 
Buffalo General Electric Steam Plant. 
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Figure 76.— Boulder Dam, as seen from the air. The Colorado Biver flows toward 
the reader. Ujyjyer lejt, Nevada spillway; 'ii'p'per right, Arizona spillway. Just 
up-river from dam, the four intake towers feeding power houses in front of 
dam, at the lower river level. The dam is 726 feet high, (U. S. Bureau of 
Beclamation, Department of the Interior.) 
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Ammonia is by far the more commonly employed refrigerating agent; it 
is used for ice manufacture, for cold storage of meats, fruits, vegetables 
and dairy products, and for general refrigeration.-^ Carbon dioxide is a 
somewhat less efficient agent; it is used instead of ammonia when the 
odor of the latter in case of leak would be objectionable, for instance in 
hotels, in some hospitals, and on board ship. It is used also for tempera- 
tures below those which ammonia can furnish. Sulfur dioxide is the most 
generally used “working substance’^ for household refrigerators; for the 
same put^pose, but less generally, methyl chloride is utilized. Paraffin 
hydrocarbons, ethane, propane, butane, and isobutanc, are used only in 
special cases. With any of the agents listed, the method consists of com- 
pressing the gas sufficiently so that on cooling with ordinary cooling water, 
it will liquefy; then sending the liquid, still under pressure, to an expansion 
valve leading to coils in which the expansion takes place; heat is abstracted 
from the surrounding liquid or room, to make the expansion of the liquid 
to gas possible. The expanded gas is compressed, and sent through the 
system again. The same material serves over and over; only tlic losses 
due to leaks must be replaced. 

The boiling points at atmospheric pressure for the various working 
substances follow:^® 


Ethyl chloi'ide C^HoCl 

.... -I- 

55° F. 

or 

-h 12.5 

Sulfur dioxide SO 12 



14 

or 

— 10 

Methyl chloride CHaCl 

.... — 

11 

or 

— 23.9 

Dichloro-difiuoroxnethane CCbFo 

.... — 

21.6 

or 

— 29.8 

Anhydrous ammonia iSTHo 

.... — 

28 

or 

— “ 33.3 

Propane Calls 

.... — 

49 

or 

— 45 

Carbon dioxide CO- 

.... — 

10S.8 

or 

— 78.2 


For an ammonia system, cast-iron, wu'ouglit iron, and steel arc used; 
copper and brass are avoided. The essential parts for a refrigerating 
plant using brine as an intermediate cooling substance arc shown in 
Figure 77. The pressures are moderate; on the high pressure side, the gas 
is comx:>ressed to 155 pounds, wnth a temperature of 210^^ F. (99° C.) . 
The gas is cooled to 75° F. (24° C.) , with the pressure maintained near 
155; it liquefies and collects in a receiver. Ps^ small stream is sent through 
the expansion valve (an ordinary iron globe valve) to the low pressure 
coils, where the liquid turns to gas, absorbing heat from the brine. The 
brine is circulated through a suitable system of pipes (piimi">). A tem- 
perature of 15° F. ( — 9.4° C.) for the brine is usually reached. The gas 
returns to the compressor with a pressure of about 20 pounds. 

The sources of ammonia are discussed in Chapters 6 and 14. 

1 x 1 the liquid carbon dioxide refrigerating system, the pressure on 
the high-pressure side (condenser) is 1000 pounds; on the low-pressure 
side (expansion coils) 300 pounds per square inch. The condenser tem- 

Wax is separated from oil by ammonia refrigeration. (CJKapter 24) ; for the liQucf action of 
chlorine, either ammonia or carbon dioxide may be used (Chapter 5). 

explosion limits and physical properties other than boiling point consult ‘'Properties 
of Jtefrj^erants,” Circular 2, 1926, American Society of lief rigora ting Engineers, 37 ’West Thirty-ninth 
street, New York. 
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perature must be as much below 88° F. (31.1° C.), the critical tempera- 
ture,^"^ as possible. 

The Sources of Carbojst Dioxide 

Carbon dioxide is used commercially as a gas (soda ash manufacture) , 
compressed as a liquid in steel cylinders (soda fountains, for refrigera- 
tion, and as convenient source of the gas), and as the solid. It is obtained 
from (1) the combustion of coke; (2) the calcination of limestone; (3) as 
a by-product in s^’ntheses involving carbon monoxide; (4) as a by-product 
in fermentations; (5) by the action of sulfuric acid on dolomite; (6) from 
wells.-^ Gas from any one of these sources maA^ be made into the gas, 
licpior, or solid form of carbon dioxide. 



Figure 77. — Refrigerating plant with ammonia as working 
substance. Fresh supplies from purchased cylinders 
are introduced at 1 into the receiver 4 ; the liquid 
and is used over again. The brine enters the cooler 
and reaches the compressor and from there the con- 
denser. The liquefied ammonia collects in receiver 4 
and is used over again. The brine enters the cooler 
3 at 5, and leaves at 6; brine circulation not shown. 


The utilization of the carbon dioxide in the combustion gases of coke 
involves the alternate formation and decomposition of alkali bicarbonates 
in solution. Hard coke is burned under boilers, and the fuel gases so 
regulated that a maximum content of carbon dioxide, 16 to 17 per cent, 
is obtained. The gases enter a scrubber (tower) packed with limestone 
to remove sulfur compounds and fed with water to cool the gas and arrest 
the dust. The cold gases enter the absorber, a tower packed with coke 

^ The critical temperatiire is the temperature 'above which the gas cannot be liquefied, no 
matter how great the pressure; see cUso footnote 31. 

^ “Solid carbon dioxide from Mexico," James Weiford Martin, Ind. Eng. Chem., 23, 256 C1031)* 
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down which a solution, of potassium carbonate passes; cai’bon dioxide is 
absorbed, and the saturated solution’ is run to a boiler wliorc the absorbed 
j^as is liberated by heat. It is under this boiler that the coke is burned. 
The operation is continuous ; charged solution flows in constantly, while 
the spent liquor is run off constantly. By means of an interchanger, the 
outgoing liquor heats the incoming liquoi* to some extent. The outgoing 
liquor, cold, returns to the absorber. The gas from the boiler is very pure. 
It is dried in a calcium chloride tower, and compressed to 100 atmospliores, 
at which prcs.sure it liquefies at ordinary temperatures. (.See Fig. 78.) 

The other sources are presented in their proper places, c;xc,ept source 
(5), which is unusual. In Georgia, a deposit of dolomite is mined, and 
the crushed rock treated with sulfuric acid in carhonators provided with 
a cover and gas outlet. The residue' in the carbonahirs is a .solution of 



Fiotjub 78. — Diagrammatic flow-sheet for the absoriUioii of ciarbon. dioxitlii 
in the fire gases from burning coke. The ga.s di.ssolye.s in ;i strong lye 
solution, from which it is driven oiit by heat, giving tk)i. gas. 

(Courtesay of the Frick Conii'any, Waynesboro, Pa.) 

magnesium sulfate, in which calcium sulfate is suspended. By keeping 
the solution on the acid side, no detectable quantity of calcium salt dis- 
solves. The solution is made into Epsom salts MgS 04 . yJrluO, a laxative, 
and a material for the leather industry. The carbon dioxide is compressed 
to the liquid and used for beverages. 

In addition to the uses which have been mentioned, carbon dioxide 
serves as a chemical in the manufacture of salicylic acid, white lead, and 
other products. In fire extinguishers, of the wall type, a supply of acid in 
a separate container is spilled onto lumps of soda ash or bicarbonate ; 
the generation of the gas is so rapid that pressure develops in the container. 
The gas does not burn, nor does it support combustion, and being heavier 
than air, it forms a blanket over a burning object. The use of carbon diox- 
ide gas as a fire-extinguishing agent has been extended in the “firefoam” 
system, in which the gas is held longer at the burning surface by a foam 
from a soap or alum solution; soap solution and gas are ejected at the 
same tirne from the nozzle. 

2^^ "lVIanufact\ire of carbon, dioxide and Epsom salts,” W. P. Heath, Tud. Ohrrn.j 22, 437 

C1930) . 
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Solid Carbojst JDioxide 

One of the new refrigerants obtainable in commercial quantities is 
solid carbon dioxide. It is supj^lied in block form resembling the familiar 
artificial ice cake. Its uses are similar to the uses of ice, but it functions 
without melting, and without producing drips; it vaporizes, and leaves 
only a gas, whicli may be easily vented, so that it has received the rather 
apt name of dry ice. Its manufacture will be described for the case of a 
plant particularly well situated with regard to its source of raw material.^^ 
Pure, liquid carbon dioxide under a pressure of 1000 pounds and at 
a temperature of 70° F. (21° C.), is delivered to the plant by a pipe sys- 
tem.' It is sent to the ‘^evaporator’' (Pig- 79 ) , where its pressure is reduced 


Figure 79. — The ‘^evaporator,” 
in which the liquid carbon 
dioxide is formed and 
stored. 



to oOO 23ounds, with a simultaneous drop in temiDerature to 32° P. (0° G. ) . 

ith the pressure set at 500 pounds, the liquid maintains itself at that 
tempei ature ; as this is lower by several degrees than the room temper’d- 
ture, heat flows in and causes the liquid to simmer quietly. Abo'^j^t 25 per 
cent of the liquid boils away. The vaporized portion is sent to a special 
compressor which delivers it as gas to the main comj^ressor gas line, at the 
pressure of 1000 pounds. 

The 32° F. liquid from the evai^orator is admitted to the press cham- 
beis (Fig. 80) ; these have movable tops and bottoms, worked by hydraulic 
piessuie The chamber is 20 inches by 20 inches, and 24 inches to 30 inches 
deep. The liquid enters through an ordinary nozzle; part of it expands to 
its heat largely from the incoming liquid which is thus 
solidified to a fluffy snow. The gas formed is drawn off constantly by the 
suction line of the main compressors and recompressed. By operating the 
bottom walls, the snow is compacted to a solid block 20 inches 
by 20 inches by 10 inches. Each press makes 6 to 8 cakes per hour. The 
density of the resulting cake is controlled by the amount of snow pressed 
mto the 10-inch space. After discharge to a conveyor, the block reaches 

four smaller blocks, each a 10-inch cube 
v/eighing about 20 pounds. This is wrapped in brown paper and stacked 

30 The Dry Ice Corporation's plant at Niagara Falls, N. Y. 
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in a specially insulated railway car for transportation to distant points, 
or into trucks for local delivei'y. 

Of the liqrtid delivered to the press, 20 to 45 per cent is solidified; 
the rest turns to gas and must be reliqueficd. The colder the tempera- 
ture of the liquid CO 2 and tlie colder the press chest, the higher the per- 
centage frozen. Based on heat content, it is found that it takes 3.75 
pounds of liquid to produce 1 pound of solid. The expansion in the chest 
is to atmospheric pressure. 



Figuri^: 80. — Pross cham- 
bers, in which the car- 
bon dioxide snow is 
pressed into blocks; 
one of the blocks may 
bo soon on the con- 
veyor. (Courtesy of 
the Dry Ice Cor])ora- 
tion of America, New 
York.) 


The critical temperature^^ of carbon dioxide is 88° F. (31.1° C.) , 
the critical pressure 1073 pounds. At 70° F. (21° C.) , it is considerably 
below the critical temperature, so that a pressure of 1000 to 1100 pounds 
suffices to keep it in the liquid state. 

It 'will be clear that much of the expense in the plant will be that 
for recirculating the carbon dioxide gasified at the* presses. The com- 
pressors are four-stage machines: O to 5 pounds, 65 to 75 pounds, 300 
to 325 pounds, and 1000 to 1100 pounds. From the last stage the gas 
enters oil removing filters, then a condenser cooled with tap water, which 
reduces its temperature to about 70° F. (21° C.) . In the condenser, the 
carbon dioxide liquefies, and enters the “evaporator’’ with the new liquid, 
at the same temperature and pressure. 

Xlie critical temperature is the temperature just ahove whicli no pressure, no matter h.ow 
groat, can liQuefy tlie gas ; the critical pressure is tlie pressure which just suffices to liquefy 
tJ^e gas at the critical temperature. 
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Carbon dioxide from any sources may be made into tlic solid 
form. 

The uses of solid carbon dioxide arc^ at present, mainly lor the picsei- 
vation of foods. A railway car nia 3 r be loaded with its perishable fiviit, 
meat or vegetables, and a given number of blocks of dry ice placed on 
top of the goods so that the vapor will pass downward and form a heat- 
consuming blanket. The temperature attained is lower than with ice 
and salt mixtures, and may be regulated by the amount of dry ice per car. 
The shunting of the train'' to sidings for re-icing while en route becomes 
unnecessary; a single loading at the point of shipment suffices^ (for the 
average trip) . Eighty-five per cent of the consumption is for ice cream 
cooling. The effective refrigeration from 1 pound of solid carbon dioxide 
wdien subliming at 0° F. ( — 18° C.) is 244 Btu. A temperature as low^ 
as —108.8° F. ( — 87.9° C.) may be reached by allowing the solid carbon 
dioxide to evaporate at atmospheric pressure; a lower temperature still 
is obtained wdicn evaporating at reduced pressure, hence a means is pro- 
vided of reaching and maintaining low temperatures without any 
machinery. 

In order to expand^ the industry needs not machinery nor compli- 
cated processes of manufacture, but new uses, cither as a refrigerant, or 
as a source of gas. 

Quick: Freezing of Foods 

Refrigeration has been employed in the meat industry, in cold storage 
houses for the preservation of butter, eggs, vegetables, fruit, and other 
perishable foods. A new kind of refrigeration is now applied to sea foods, 
particularly fish fillets, and to fresh vegetables and small fruit; they are 
not only cooled, but frozen. The fillets of fish, for example, are laid in 
their packing paper, are held betw^een two flexible non-corroding metallic 
belts, and pass bctw'een sprays of brine at — 45° F. ( — 42° C.) ; they leave 
the belt frozen, to be stored or shipped at once. If to be shipped, the 
fillets may be packed in corrugated fiberboard boxes which insulate suf- 
hciently to keep the fish frozen for 4 to 5 days, and fresh, several days 
longer. The frozen foods may be stored at temperatures low enough to 
keep them in the frozen state. 

There is an increasing demand for house refrigeration, to kce}:) its air 
temperature at a comfortable point. This subject is connected with 
humidity relations, and is therefore discussed in Chapter 46. 

Iceless Refrigerators. The various kinds of electric refrigerators 
w'hich are displacing the ice chests are operated on the same principle 
as the ammonia refrigerating machine, but on a small scale. The w^ork- 
ing substance may be sulfur dioxide, methyl chloride, ammonia, a hydro- 
carbon, dichlor-difiuoromcthane, or other suitable agent; it is compressed 
by small motor-driven compressors. The heat of compression is removed 
by a current of air or by a trickle of water. The liquid so formed is then 
expanded, consuming heat which is drawn from the chest and its contents. 
The gas is then recompressed, and put through the next cycle. 
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Silica Gel Refrigerators. Other types absorb a vapor in silica 
or other solid absorbent^ and use the heat of evaj^oration of the 
liquid for cooling. After the gel is saturated, its adsorbed mass is driven 
out by heat, thus revivifying the gel; in the meantime, a twin unit carries 
the load. 

Otuer Pateists 

XI. S. Patents 2,040,407 and 2,040,406, chemical heatin«; composition, to produce 
heat by chemical action. 

Phoble:ms 

1. A swimming pool wdth an area of 25 feet by 70 feet contains water to an 
average depth of 7.13 feet. Find the cubical content and the weight of the water 
it contains. The -water enters at a temperature of 45° F., and must be heated to 
68° F- How many pounds of coal are needed to furnish that heat, if 73 per cent 
of the heat value in the coal reaches the wrater in the pool? How many gallons of 
fuel oil, if its specific gravity is 0.9, and the efficiency of heat transfer the same as 
for coal? For the same pool, at a.nother season, the water entens at 32° F., and 
must be heated to 72° F. How many pounds of anthracite must be burned and 
used, if 73 per cent of the heat value in it reaches the water? All necessary heat 
values and conversion figures will be found either in this chapter or in the appendix. 

2. Dry ice in Los Angeles can be made purer and just as c.hoaply from CO- 
from combustion of natural gas as from the gas wells developed in several places. 
This is due to the fact that the power -which can be generated by burning natural 
gas under a boiler is just about sufficient to compress the COa which can be recov- 
ered from the flue gas. 

A dry ice plant burns natural gavS (CH^), absorbs the CO” formed in Na”CO;s 
solution, and recovers and compresses the pure COs, forming a 220-lb. cake of dr.-v- 
ice every 10 minutes. 

(1) Assuming only 50 per cent of the CO- formed to be recovered, what volume 
(cu. ft.) of CHd is burned per hour? (60° F., atm. -press.) 

(2) Assuming weights of 90 Ib./cu. ft. for dry ice and 57 Ib./cu. ft. for water 
ice, and refrigerating effects of 275 Htu. and 155 Btu. respectively, what weight of 
dry ice is equivalent to a ton of w-ator ice, and w-hat volume (cu. ft.) will each 
occupy? 

(3) If dry ice costs $0,02/lb., what is the equiv^alent value of the watci- icc'? 

(4) If the vsoda liquor starts at 9.0 lb. INT a-COs/cu . ft. and 60 per cent is carbo- 
nated to ISTallCOn and 20 per cent, remains as ISTaHCOu a.t the discharge from, the 
evaporator, how many cu. ft. of liquor (neglecting volume changes) must be car- 
bonated per minute to handle the above production? 

HeADI ^TG Refkrejs'ces 

•‘Relative grow-th of coal, natural gas and water ]>owor in the ITnit.od States,'' 
Rower, 72, 377 (1930). 

“Diphenyl may solve reheating problem,’’ G. B. Cunningham, Power, 72, 374 
(1930), with a table of physical properties. 

“Mercury vapor unit operates successfully at South Meadowy” James Orr, Power, 
72, 4 (1930). 

^American fuels,*’ Bacon and Hamor, with other specialists, >7ew York, McGraw- 
Hill Book Co., 1922 (2 volumes). 

“Fuel — solid, liquid, and gaseous,” J. S. S. Brame, London, Edward Arnold, 1924. 

“A system of boiler water treatment based on chemical equilibrium,” Ralph E, 
Hall, IndL. Eng. Chem., 17, 283 (1925). 

^"The use of mercury in power generation,” A. J. iMerad, Trans. Am. Inst. Chem. 
Eng., 28, 12 (1932). 

“The thermodynamic properties of dichloro-difluoromethane,” Ralph M. Buffing- 
ton and W. K. Gilkey, Ind, Eng. Chem., 23, 254 (1931). 

“Pressure-total heat, chart for dichlorodifluorome thane,” Walter B. Lawrence, 
Refi'ig. Eng.^ 24, 286, Hov. (1932). 

32 7ce a.nd Refrigeration , 74, 217 (1928); 78, 331 (1930). 
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“Carbon dioxide and its solidification,” Charles O. Duevel, Jr., Refrig. Eng., 
July, 1931, p. 18. 

“Machinery to make solid carbon dioxide?,” Teri-y Mitchell, Ind. Eng. Chem., 
23, 523 (1931). 

“Iveeping duralumin rivets workable with Dry Ice,” E. P, Dean, Metals and 
Alloys, 2, 165 (1931). 

“The manufacture of carbon dioxide,” H. E. Howe, Ind. Ena. Ciiem., 20, 1091 
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“Merits of carbon dioxide as a refrigerant,” F. P. MaciSTeill, Puiver, 72, 652 
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“Cold treating Dural with Am. Machinist, 75, 439 (1931). 
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Prcece 



The inhabitants of a city must haue a .plentiful supply of 'watery for 
drinking y cooking y ashing , and sanitary purposes. It is one of the few 
pXLblic services to ichich the American can. point uyith pride. The largest 
city in the country hunngs its ivater 92 rnileSy roater 'which is palatable 
and safe at all pey'iods of the year. A second problem which the con- 
gregation of so many people in cities has raised is that of sewage dis- 
posal; in its soKitiony it is gratifying to contemplate that an American 
chemist y Dr. H. W. Clark of the M assachusetts Hoard of Health, has 
played a major role by his discovery of the pHnciples of the activated 
sludge process. 


Chapter 13 ^ 

Water for Municipalities and for Industrial Purposes. 

Sewage Disposal Plants 

In every city; a supply of water is provided for domestic, public, and 
industrial uses. The chemical industries at times require water which 
meets certain specific reciuireinents ; in some eases it must be free from 
even traces of heavy metals; in others, its purity is of no moment, but it 
must be cold the year around. The industries situated within roach of 
the city w-ater draw their supply, or at least part of it, from the city main. 
For that reason, water for municipal purposes will be considered first, 
and the additional demands made by the industries, after that. 


Water for MxJ^rIClPAh Purposes 

A water for municiiial purposes, for drinking, for general domestic 
and industrial consumption must be (1) hygicnically safe, (2) reason- 
ably soft, (3) iii’^^tically eolorless, and (4) free from objectionable odor 
and taste. 

Absolutely pure water, consisting only of- PIoO and its polymers 
(H 20 )x is a laboratory curiosity, and most difficult of i.ireparation ; such 
a water w^ould be soft, colorless, odorless, and veould have a pn value of 7. 
It is this latter requirement which is difficult to meet, for traces of carbon 
dioxide low-er it. Pain water collected in a cistern would be soft; it is 
still the custom in the country to build such cisterns in order to have water 
which soaps easily for the washing. River and lake waters are surface 
waters; they are comparatively soft (that is, low in mineral content), 
and are most likely to contain easily soluble salts and sediments. Ground 
waters, from artesian wells for example, are usually free from suspended 
matter, but are much harder (that is, richer in calcium and magnesium 
salts) than surface vraters in the same vicinity. In regions of heavy rain- 
fall, the surface waters contain less mineral matter, because of dilution. 
Sea water is not water at all, in comparison to the waters discussed just 
now, but a salt solution. It contains 3.5 ner cent salts, of which 80 ner 

1 As to water, in collaboration, with Dr. nenjamin F. Clark, Professor of Cliemistry', Birmingham- 
Soutliern College, Bimiinghaxn, Alabama. 
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cent are common salt, TsTaCl. This is an enormous concentration, yet it 
must be added that, nevertheless, sea water is used industrially; for 
exami:)le, for the cooling of turbine steam condensers, in plants located 
at the sea shore. In surface waters and ground waters, the amount of 
imi:>uritics is so small that it is expressed not in per cents, but in parts 
per million (ppm.) , as for example, 300 ppm., which means 300 grams 
dissolved matter in 1 million grams of water. Roughly, sea water is 100 
times more concentrated. 

In speaking of soft waters and hard waters, it is well to classify more 
closely, and in figures: 


Soft water contains less than 100 ppm. total solids. 

iVIodium hard water contains from iOO to 200 ppm. total solids. 

Hard waters contain from 200 to 500 ppm. total solids. 

Saline water contains 500 ppm. and over total solids. 

‘'Parts per million total solids’’ means the residue on evaporating the 
water on the steam bath. The classification just given is a cpiantitativc 
one; but to most chemists, hardness docs not mean merely a compara- 
tively larger amount of total solids, but the jiresence of salts of calcium 
and magnesium which, with a soap solution, do not allow foam forma- 
tion until they arc precipitated as insoluble soaps. In general it so hap- 



PiGURE 81. — Sand filter, to show method of washing. Tho water to be filtered 
enters as shown by full arrows, and passes through sand, gravel, and under- 
drains to clear w-ells (not showm) ; this water reaches level A. To wash, 
the flow' is reversed; water enters through the underdrains, rises through 
gravel and sand, and leaves through gutter B. At such times, tho level 
of the w'ater stands at B. 

pens that the residual solids for medium and hard waters arc over half 
calcium and magnesium compounds, so that the figures reflect the amount 
of these salts as well as the total for all salts. W^ith saline waters, it is 
different; here the total solids are likely to be mainly sodium chloride. 

The methods practiced for the purification of water for municipal 
purposes will be shown by means of several examples. 
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Buffalo Municipal Water Filtration Plant- For Buffalo, water 
is drawn from Bake Erie, at a point at the head of the Niagara River. 
The water enters a tunnel one mile long, 12 feet by 111 feet in cross- 
section, through 12 ports, each 6 feet square, opening 20 feet below the 
surface of the lake. The tunnel runs into a canal which feeds the “low 
lift’' centrifugal motor-driven pumps which deliver the raw water to the 
coagulating basin against a head of 17 feet, tlirough the raw water dis- 
charge conduit. In this conduit, twin venturi tubes, 70 inches b^^ 48 inches, 
meter the w^atei'. “Filter alum” is added at this point, at the rate of 50 
pounds to 1 million gallons. The -water is distinctly alkaline, so that 
aluminum hydroxide, the alum fioc, forms without other addition. The 
water moves slowly through the coagulating basin, taking a zigzag course 
set by baffle plates. The basin is 300 feet long, 100 feet wide, and 25 feet 
deep. After 3 hours, the water leaves it and passes to the vsand filters. 

There are 40 filters, each 53 feet by 33 feet in area. Perforated under- 
drain pipes are covered by 16 inches of gravel made up of five graded 
layers, and overlaid by 26 inches of sand, (grain size 0.3S to 0.45 mm.). 
The filter capacity is 2 gallons per square foot per minute, 4 million gal- 
lons per day for the filter, and 160 million gallons per day for the plant. 
The filter capacity sets the capacity for the station; the low-lift pumps 
have a 50 per cent excess capacity, the tunnel a 180 per cent excess capac- 
ity. The filtered water passes to clear wells, and flo^vs through a canal 
to the pumicing station. The chlorine is injected in the canal, at the rate 
of 2 pounds per million gallons. 

The reaction between the “filter alum” AI2 (SO4) .3 . 1 SHoO and the 
alkalinity in the water, in the form of calcium bicarbonate, is: 

H- 3Ca(HCO:02= 2A1 (HCOh)« H- SGuSC), 

AKHCO.O.'.= AKOH);, 4- 3COl. 

aliirt'b floe 

The alum floe is voluminous; as it slowly settles, it carries with it most 
of the suspended matter, and a part of the bacteria (the count is reduced 
by about half). The choice of the coagulant is a particularly happy one 
in another respect. A part of it is in the colloidal state, with a positive 
charge in the colloidal sense, so that it is most efficient in precipitating 
the naturally occurring colloidal materials in the water, which are almost 
exclusively negative.- 

In the clear water conduit a venturi meter 12 feet by 6 feet records 
the volume of flow. The station is amply provided with level gages, 
meters, and pressure recorders; every filter has a set. 

About 15 per cent of the suspended matter, including the alum floe, 
settles out in the coagulating basin; the rest is caught by the filter. 
After 15 hours, the filters are rid of their dirt by reversing the flow of 
the water, so that it rises through the sand and empties into gutters 

2 The precipitation of a negatively charged colloidal suspension by a positively charged colloidal 
suspension is called mutual precipitation- The positive colloidal particle is [ Al(OH 3 )lnAl+'*"^. Tor a 
closer study, see the chapten “Chemistry of Coagulation," in "Chemistry of water and sewage 
treatment," by A. M. Buswell, New York, Chemical Catalog Co., Inc., 1928. 
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which, while the filter is working normally, are submerged. The washing 
requires 10 minutes. The coagulating basin is divided into two inde- 
pendent halves, so that it can be cleaned without interruption of the 


Table 22. — A'txalys^es of Birmingham, Ala., Water. 


Total solids 

Total hardness, as CaCO.*; 

Iron Fe 

Caleium Ca 

AI a csi n m JVTg 

Sodium rsa 

Potassmm K 

Carbonate CO.-? 

Bicarbonate HCO.? 

Sulfate SO4 

Chloride Cl 

Xitrate XOa 

Silica SiOs 


67 

0.07 

17 

5.9 

19 

1.3 

0 

54 

61 

2.0 

0.45 

7.80 


0.01 

33 

6 

4.1 

1.2 
0 

120 
15 
2.0 
0.40 
5. SO 


service; this is done twice a year. One and one-half per cent of the filtered 
water is consumed in tlie washing of the filter beds. 

Municipal Plant at Birmingham (Alabama). At the Birmingliain 
station, an unusual imjiurity is removed and made to share in the work 
of purification; this impurity is manganese. During the late autumn, 
when the level of the sujiply reservoir (Take Purdy) has been lowered 
considerably, the content of manganese in the water rises abru]')tly. The 

T-\ble 23. — Analysis of a Co77xposite of W eekhj Sampler Oi^rr July, rnid 

September, 1036, Taken at the Head of the Colorado River Ar/iu'dart , 

150 Below BonldcT Canyon Dam. 


C alciuin (Ca) 58 pi)ni. 

Alajrnesum (Alg) 18 

Sodium (Xa) 52 

Bicarbonato (IICO;;) 134 

Chloride (Cl) 41 

Sulphate (SOd 156 

Boron (B) 0.15 

Fluorine (F) . 0.3 

Total dissolved solids 415 

Total hardness as CaCOa 219 

Carbonate hardness as CaCO:? 110 

Xoncarbonate hardness as CaCO;? 109 


For 1936, the average (unweighted) hardnes.s of the raw water at the Bouldor 
Citv treatment plant was 2S0 ppm. Softening of the Colorado Aqueduct water to 
a total hardness of not over 125 ppm. has been recommended. This would then be 
distributed to Los Angeles, with chlorination with the present equipment,. 
LCourte^ of the Metropolitan Water District of Southern California, F. PI. Wey- 
mouth, General Manager, Los Angeles, California.] 


raw w^ater, before being treated with a coagulant, which is aluminum 
sulfate in this case, is treated with sufficient chlorine to convert all the 
manganese present into the chloride; this is hydrolyzed by the alkalinity 
of the water, and forms a flocculent precipitate. This precipitate assists 
in the clarifying action of the aluminum hydroxide, and in this way this 
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undesirable impurity is removed, and at the same time functions as coagu- 
lant, allowing the corresponding amount of aluminum sulfate to be saved. 

During the greater part of the year, the '"filter alum” added is 0.7 
to 0.8 grain per gallon of water; a small amount of lime is introduced 
when necessary, to keep the p^ value near 6.9. Table 22 gives typical 
analyses. 

Other Plants. At Marseilles, France, an apparatus for the steriliza- 
tion of the city water by means of ultra-violet rays (instead of chlorine) 
has been in operation for several years and has proven highly satisfac- 
tory. A primary requisite for such treatment is a source of cheap electric 
power. 

New Orleans (Louisiana) takes its water from the Mississippi; the 
period for coagulation is 24 hours because of the very fine sediment in 
the w’ater. The usual period varies from 2 to 6 hours. 

In the adjoined table, information on the Colorado river w^ater, as it 
will be delivered to Los Angeles in the near future, is presented. 

For New” York City,^ jnst under 1 billion gallons per day is supplied 
from four different sources; surface w’ater from the Catskill system (Asho- 
kan and other basins), the Croton system, and the Long Island system; 
a comparatively small portion (50 mgd.) comes from wells. The main 
single source is the Ashokan system ; a tunnel brings it from the west 
side of the Hudson, under the river, to the Kensico reservoir, and from 
there south through Westchester County to the city line, a distance of 
92 miles. 

Sufficient chlorine is injected, at a number of points (50), to produce 
a constant residual chlorine varying from 0.05 ppm. in w^atcr going directly 
into the distribution system, to 0.10 ppm at the more distant stations. 
The actual dosage varies from pound to 5 pounds per million gallons. 

In order to control a colloidal clay turbidity occurring at intervals 
in the Catskill system, the w'ater is treated in the aqueduct between 
Ashokan and the Kensico reservoir wdtli soda ash and filter alum: soda 
ash from 0.25 to 0.50 grain j^er gallon, alum from 0.50 to 1.0 grain per 
gallon, according to the turbidity which varies from 10 ppm to 100 ppm. 
The alum fioc and turbidity is settled out in the Kensico reservoir. An 
efficiency of 95 per cent removal of turbidity has been attained. 

The Catskill water is aerated at both Ashokan and Kensico by pro- 
jecting it vertically uiDward into the air through about 1600 nozzles. 
The necessary head is furnished by gravity. 

Copper sulfate, an algicide, is applied at the Ashokan basin by drag- 
ging crystals in burlap bags suspended from a row^^boat or motor launch, 
traveling over the surface back and forth.^ It is also applied by dry 
feed at various points, wffiile at Miiscoot Dam, Croton Lake, it is fed in 
continuously (for the last two years) by pumping a dilute solution through 
a 1000 foot pipe with nozzles every two feet, and about one foot under 
the surface. In 1931, about 100 tons in all were used. 

3 From, data kindly supplied by tlie Bureau of Water Supply, New York Oity. 

* "Control of miscroscopic organisms in public water supplies, with particular refer^ce to 
New York City,'* Frank E, Hale, New England Water Worha Asboc,, 44, 361 C1930)- 
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The water is distributed to the five boroughs by a circular tunnel 
cut in the rock below, measuring 15 feet in diameter at the northern 



Figure 81a — Tlie sources of supply of potable water for the City of 
]Srew York (as planneci in 1937). [By permission.] 

end and 11 feet near the end of the system. The tunnel lies 200 to 750 
feet below the street. 

A-Verage analyses of the water supply from the various sources are 
given in Table 24. 
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T^^JBLE 24. — Average mtalyses of Cat^ahUl, Croton, and Long Island M^ater Siij>pliei\ 
for the City of New York, for the Year 1936. 


Turbidity (ppm. silica) 

Color (ppm. platinum) 

Odor 

Albuminoid ammonia (ppm. nilrogen) 

Free ammonia (ppm. nitrogen) 

Xitrite (ppm. nitrogen) 

Xitrate (i^pm. nitrogen) 

Total solids (ppm.) 

Fixied solids (yjprn.) 

Chlorine in chlorides (ppm.) 

Hardness (ppm. calcium carbonate?) 

Alkalinity (ppm. calcium carbonate) 

Iron (pi^m.) 

Hydrogen ion (pu) 

Bacterial count, per cc. (37" C. Agar) 

coli per 10 cc 

Microscopical ; total organisms, s t a n d tx r d 

units per cc 

Amorphou.s matter, st. u. rier cc 


Catskill 

Crot(.>ii 

Long Island 

2 

1 

2 

5 

9 

5 

Iv 

Iv 

Iv 

.056 

.088 

-053 

.028 

.026 

.084 

.001 

.001 

-002 

.12 

.20 

2.04 

44 

71 

167 

31 

51 

117 

1.S 

3.2 

30.1 

22 

40 

64 

11 

30 

19 

.17 

.28 

.55 

C.S 

7.05 

6.5 

3 

21 

7 

.008 

.05 

.0007 

115 

185 

10 

505 

970 

725 


(Source of sump] os : Oatskill, sliuft KTo. 23, 13i‘ooklyii ; Crotou, 9th avoiiue uiicl lytli sti'oet, JMan- 
liattaii ; Lony; Island, Hidj^ewood pumping .sun.ioii, Hi ooklyii) . (By court<‘.sy of 1 iepurtnient of 
Water Supply, Gas and I31ectricity, Patrick Qiiiltj", Acting Ohief Kngiijct*r, nncl I- rank .1',. 
director of Laboratories, City of JMew York.) 

*■ All municipal water analysejs record Sacteriuiri coli separately and in a<lditi<ju Lo the ctunplotu 
bacterial count, because it is the tell tale for the presence of animal or huiuan waste in the water. 


General Remarks on Water Purification. For niiinicipal pur- 
poses, the factor of safety to health is the controlling; one, so that the 
purification is really a sterilization, a destruction of l)a(iterial life, with 
other improvements in taste and color incidental. The ciuestion of 
hardness does not matter very much. For sterilization, chlorine ^as is 
almost universally used, but other agi^ents are: bleach, ammonia gas 
and chlorine gas ccombined ; ultra-violet rays from mercury arc lamps, 
quartz enclosed. If turbidity is present, it may be removed by the 
action of a coagulant; a high proportion of bacteria is removed, inci- 
dental to this clarification. This operation precedes chlorination. 

When a coagulant is needed, for the removal of turbidity and sus- 
pended matter, aluminum sulfate is almost the universal choice; it is 
called ^"'filter alum.” The amount of filter alum required depends upon 
the turbidity, and to a considerable degree upon the temperature of 
the water, tlie colder water requiring more.'~ 

Salts of the alkali metals and alkaline earths are present in most 
waters; the most common are calcium, magnesium, sodium and potas- 
sium, combined with the bicarbonate, carbonate, sulfate, chloride, nitrate, 
and nitrite ions. The alkalinity is usually sufficient to precipitate alu- 
minum hydroxide from added alum, but if it is not, an appropriate amount 
of milk of lime or soda ash is added. 

s See cvLTVGs showing relation betw^een amounts of coagulant, temperature of water, and tur- 
bidity of coagulated and raw water, ‘‘"Water Purification,” Joseph. W- Ellms, New York, jVTcGraw- 
Hill Book Co.. 1928. 2d ed.. p. 412. 
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The presence of 0.1 to 0.2 ppm. of iron is enough to be troublesome, 
especially in the staining of fabrics and plumbing fixtiircs. It also 
stimulates the growth of Crenothrico, a thread-like organism which 
decomposes iron and manganese compounds witli the formation of their 
hydroxides, and gives the water a bad taste and odor. 'When iron is 
present, it is generally in the form of ferrous carbonate or bicarbonate. 
On exi^osure to the air these compounds oxidize, and insoluble ferric 
hydroxide is formed. As small a quantity of iron as 2 jipm forms a 
bulky and unsightly precii5itate, sufficient to plug pipes. Iron may be 
removed by aeration follow'ed by sedimentation. Aeration is accom- 
plished by spraying the water into the air, or causing it to cascade over 
a bed of coarse material. Other aims in aeration: obnoxious gases are 
able to escape, certain small organisms are destroyed, and taste im- 
Proved.^ Algae frequently give rise to the formation of a green scum in 
reservoirs and water mains which must be removed mechanically, or 
better, prevented from forming by a chemical agent. Of the many 
algicides recommended, copper sulfate is the cheapest and most efficient. 

The removal of phenol from gas and coke plant wastes which might 
reach the municipal supply is described in Chapter 14. 


Thk Use of Ammoxia ix W.vi’er PuRiFiCATiox 

In 11 few localities since 1918, in a fast growing number since 1930. 
ammonia is injected into municipal water supplies in addition to chlorine 
or bleach This use of ammonia serves to low^cr the amount of cldorinc 
(or bleach) needed for bacteria removal; it decreases the taste duo to 
chlorinated phenolic bodies, and successfully prevents slime formation 

Pf’wer plant condensers. It was pointed out by Rideal 
(in IJIO) that a hypochlorite solution containing 1 per cent available 
cldornie had a phenol number of 2.18, while the same solution mixed wi(li 
one equivalent of ammonia had the coefficient 6.36, more than three times 
gieatei. 1 he chlorine and ammonia form chiefly monochloraminc NII .C'l 
a powerful bactericide, yet a substance less energetic chemically than’ 
hloiine, so that it does not attack such organic molecules as phenol The 
ratio of an^onia to chlorine should be as 1 is to 4; w^hen necessary as 
2 IS to 3 The reaction is: 2NHs A- Ch = NH^Cl chloramine H- NH,C1. 
system th^ success w'f^ scored by the combined ammonia and chlorine 
thf^deSfin^ (Florida) water works. The average dose before 

SLns T^is left^^^ 16 pounds of chlorine per million 

galloons. This left a chlorine residual amount of 0.25 ppm. In the new 

system, o.6 pounds per million gallons of chlorine, and 3 9 pounds of 

m volume were used. This left an average residual 

of 0.35 ppm., higher than previously, and enough to eliminate after 
growth altogether. The cost is $0.94 against $1 54 by cMorfne ?1one 
A swampy odor and taste have been eliminated ^ cniorme alone. 

The water in swimming pools is sterilized by passing it over a ouartz 
ercury arc lamp, whose short rays (ultra-violet) are effective in ?eduL 
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ing the bacterial count. The combined ammonia- chlorine purification 
has been applied in a number of swimming pools/^ with satisfactory 
results. The method most in use, however, is the application of chlorine. 

AVatkr for IisrnusTRiAn Purposes 

In the further consideration of the supply of water for the industries, 
a number of requirements must be met. The most important is that the 
w^ater should be cheap. 

Over half the water used in chemical lolants is for cooling ; it would 
be economically' impossible to purchase city wrater, assuming that the 
capacity of the city system \vould be adequate. The comx^osition for 
cooling water is of no great importance; its function is to carry away 
heat, by W'arming of the liquid water, or by" evai:)oration. "Water fed to 
steel jackets forming the walls of a copper blast furnace; water flowing 
around a Cellariiis vessel through which hy^drogen chloride passes, and 
cooling water flowing through the jacket of a three-stage comx:>ressor, 
illustrate the first ; a trickle of water over an ammonia condenser, the 
second. 

The w'ater is drawm from a near-by river or lake, passed through a 
pressure type sand filter, in order to remove any suspended matter wdiich 
might clog pipes and valves. A fish trap protects the pump, which may 
be a Connersville blower, or a centrifugal pump. The sand filter is 
similar in construction and oioeration to the gravity type described, 
except that it is contained in a cylindrical steel shell, either horizontal 
or vertical. The water enters at the top and leaves at the bottom, 
through a riser which brings the water to an elevated tank, from which 
it is fed to the parts to be cooled, by gravity. The cap)acity of the 
pressure sand filters vary wdth the size, from 500 to 36,000 gallons per 
hour. 

If available river water is not cool enough, ai-tesian wells are driven; 
these frequently have maintained a flow of water of 54"^ F. (12.2° C.) 
the year around. 

Filtering may be dispensed with, if the i^iping is short and accessible; 
brackishness does not matter if the vessels to be cooled arc stoneware. 
In the case of cast iron and steel, an occasional replacement because of 
corrosion by the cooling water is preferable to an elaborate installation 
for treating it. 

Another considerable volume of Avater is used in the chemical plants 
for solution and dilution; as a rule, a reasonably pure river Avater is 
all that is needed. 

These water requirements arc usually readily met, because the chemi- 
cal plants are purposely located near an abundant supply of water, to 
be had for the pumping costs. 

Water Softening. In dye application plants, in laundries, in rayon 
plants, and others, the water used in processing must meet narrower 

® ^‘Precautions neeaed in tlie ammomo-ciilorine treatment of s^v^immins pools," iivle J-i. Jeame 
and IIeni:y R. Welsford, Ind. JEng. Chern., 23, 32 C1931}. 
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requirements. As a rule, it must be soft. If the only available supply 
of water is hard, the water must be treated, in order to remove dissolved 
calcium and magnesium salts. This is done by means of (1) lime and 
soda ash addition, followed by settling and filtering, or (2) trisodiiim 
phosphate addition, or (3) contact wdth zeolites. The softening of 
water for use in steam boilers has been discussed in the preceding chap- 
ter; some supplementary remarks will be given here. 

(Ij The reason for combining the lime with the soda ash treatment 
is as follows: The carbonate hardness (old tcmporar 3 ^ hardness) leads 
to the reactions: Ca(H[C 03)2 + Ca(OI‘I )2 = 2 CaC 03 -f- 2 H 2 O, and 

Mg(HC 03)2 4- Ca(OH )2 = MgCOs 4- CaCOs d- 21120. The magnesium 
carbonate is fairly soluble (100 piom.) and requires an excess of lime: 
MgCOs 4- Ca(OH )2 = Mg (OH) 2 4- CaCOs- The magnesium l^^droxide 
is insoluble, as is the calcium carbonate, and both settle out. If mag- 
nesium chloride is present, the reaction ]VIgCl 2 4- Ca(OH )2 = Mg (OH) 2 
4- CaCl 2 takes place, and although magnesium hydroxide precipitates, 
an equivalent amount of calcium chloride is in solution; no true softening 
has been achieved. Accordingly, sufficient soda ash is added to precipitate 
the calcium chloride, as well as any calcium chloride, nitrate, or sulfate 
originallv present, which remain unattacked by lime: CaCl 2 4- IsaoCO^ 
= CaCds -h 2NaCl, or CaS 04 4- ]Sra 2 COa = CaCO.-, 4- :Nra 2 S 04 . All the 
dissolved salts mentioned in this paragraph except the bicarbonates make 
up the non-carbonate hardness; only tlie calcium sulfate is scale-forming, 
but any of the others will bind soap or d\"es. It should be understood that 
the magnesium sulfate undergoes the same reactions as tlie chloride.'^ 

It is clear that the amount of lime and soda ash will be determined 
b\^ the analysis of the water, supplemented by the actual results of the 
treatment. A large installation for softening w’-ould resemble a munici- 
pal filtration plant. On a smaller scale, two tanks may be used; in one, 
the raw" w^ater receives the dosage of chemicals, and after stirring, is 
left to settle; in the meantime, the other may be drawn off, the com- 
paratively clear water only passing to the sand filter, while the main 
part of the precipitate is run to the sewer. Hot water is frequently em- 
plo 3 ^ed; the treatment and settling take place in a large tank; here 
again, the clear supernatant water onl^- passes to the filter. With the 
hot w’ater, the action and the settling of the precipitate are more rapid. 
In an hour, an effluent w4th only 25 ppm. is obtained. The fipplication 
of trisodium phosphate, (2) , an alkaline substance, is similar. 

(3) In contact with zeolites,® the following reaction takes place: 

ISTaoZe 4- Ca(IIC03)i>== CaZe + 2]SraHC03 


The symbol Ze stands for the zeolite radical: 2SiOo.Al2O3.Na2O, 
wffiich is now \vritten NasZe. This is preferable, because a zeolite con- 
taining 2 molecules of Si02 is not suitable, and must be replaced in 


7 For a more detailed treatment, see the chapter on “Lime and soda process" in “The 
of water and sewage treatment," A. M. Buswell. New York, Chemical Catalog Co., 

8 For the manufacture of these, see U, S. Patents 1,343,927 and 1,304,206. 


chemiati'y 
Inc., 1928, 
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l)ractice with zeolites containing from 5 to 13 molecules of SiO^. The water 
gives up its calcium and rcceiv’^cs aii equivalent amount of sodium. After 
6 to 8 hours, the flow of raw w'ater is stopped, and the container filled with 
brine (saturated sodium chloride solution) . (See Fig. 82.) The reaction 

CaZe -1- 2iVaCI = .Nhx^,Zc) -h- OaCl.: 

takes place, in a period which was origdnally G hours. After that time, 
the salt solution is drawn off, the vessel rinsed, and the raw water may 
be sent in. The ^diardness” in the form of calcium and magnesium 



Ficurk 82. — Pcvmutii. vertical :!eolito waior softener, pressures, downflow typ^', show- 
ing- the zeolite} bed in the softener. Raw water inlcot A., troaU'd water outlet B, 
brine tank with bed of salt, and briiK'. pipe with ejector from bottom of brine 
tank to the disti-ibutors a.t top of zeolite ta.nk. (Conrtosy of 3^be Pca*iiiul-it Co., 
Now York.) 


chlorides passes out with the salt solution. Improvements in the manu- 
facture of zeolite have led to the rapid tyjoe of exchange material, the 
gel type or j^orous type; the softening action is more rapid, and the 
regeneration also (30 minutes). A successful commercial zeolite is made 
from New Jersey green sand (glaiiconite) , special treatment. The 
apparatus for softening resembles the pressure sand filters, with zeolite 
in grain form instead of the sand. It has been found that upflow as 
well as downflow may be practiced ; with upflow a greater softening 
capacity is reached.® 

The softening capacity for a slow or zion-porous zeolite is 2500 

° “Recent developments in. zeolite softening,” A.. S. Belirmaii, Ind. ISng. ■ Chem.., 19, 445 (1027). 
“Zeolites, mining, processing, manufacture, and uses,” Rskel IsTordell, 9th annual IMicliigan Con- 
ference on water purification. Bull 61, Jan., 1935. 
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(as CaCOs) per cubic foot of zeolite mass (100 pounds per cubic foot) ; 
for tlic porous type, up to 10,000 grains per cubic foot of zeolite mass 
(60 pounds per cubic foot) . The effluent may be as low as 5 ppm. in 
hardness. 

A plant which draw’s its own water from a river would send a por- 
tion of it through the zeolite softeners or lime-soda ash system, for use 
in its boilers, or in the washing, dissolving or diluting operations wdiicli 
call for soft w’ater. The greater part of the water suijply woidd ser\-e 
untreated. 


-^w^ong the new’ zeolite developments should be mentioned Zeo-Kai-b, 
which can be used either on the sodium cycle or the hydrogen cycle. 

The soluble salts of sodium and potassium in the raw water are not 
removed; in fact, additional soluble salts of sodium arc introduced by 
the softening reactions. A very hard water (say 400 ppm.) for it iiiunici- 
pality sent through a zeolite plant, for example, would contain cniough 
.''alt to give a strong taste, wdiich the consumers w’oidd probabl>' dislike 
more than the original, tasteless hardne.ss. 

It rniglit be w’ell to enumerate the reciuisites for waters to be ,iised 
m certain important industries. Boiler water should be as soft as ])os- 
siblc to i)revent incrustations on boiler plates and tubes. Watca- to lie 
iised in laundries should be relatively soft and free from iron and 


manganese. Paper mills require that a water should not contain iron, 
since this stains the paper, and an excess of calcium and magnesium 
is to be avoided because they tend to precipitate the rosin soajis which 
are used in sizing the paper. Water containing sulfates, alkali car- 
bonates, nitrates, and bacteria must be avoided in sugar refineries if 
the sugar is to crystallize well, is not to be deliquescent, and not decom- 
j)osed while standing in storage. Alcohol distilleries require a cool water 
containing few" micro-organisms and relatively little sodium and ina(>-_ 
nesium chlorides. Bakeries require a potable w"ater Avith a minimum of 
organic matter W’hieh migdit affect the action of yeast. Water to })e 
used in dyeing should be free of iron, and contain little hardness in 
order to avoid the formation of insoluble lakes, which give impure shad(^s 
and often spot the fabric. "W^ool and cotton inilLs reejuire a vei’y s<ift 
w"ater m order that undue amounts of soap will not be wasted in the 
washing of the yarn. Viscose silk plants mu.st have water absolutely 
free ffom copper. The soft beverage trade usually uses distilled water 
Heavy water that is water containing the heavy hydrogen isotope 
deuteriurn (inass 2) instead of hydrogen (mass 1), plavs no role as ve.f in 
the industrial world. “ - - ‘ 


Sewage Disposal Plants 

sewage disposal may be grouped into two classes those 
without treatment, and those with treatment of the sewage. By sewaS 
IS meant any waste at all which is sent out of households Jnd habiSSns 
of any kind, manufacturing plants, and city streets. Its composition 
varies according to origin, and in some cases special treatment may be 
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required ; the present discussion will be limited to the more tyjoical city 
wastes, in wdiich putrefiable organic matter is carried away by a con- 
siderable amount of flushing water. 

Of the methods in the first class, the disposal by discharge into a 
water course is an example, and is a case of disposal by dilution. It is 
extremely simple, and besides some screens to catch large and coarse 
objects, the apparatus is of no importance. If the flow of the water course 
is 7000 gallons i>er capita per day, disposal by dilution is accei:>table. 

In the second class, a distinction may' be made between settling methods, 
and complete digestion followed by settling and filtration. 

Settling Methods. The raw sewage is admitted to a sedimentation 
tank, in which the mud settles. The effluent is discharged into rivers or 
first filtered, then discharged, while the sediment passes to another tank 
where it is digested or rotted. After a period, it is xmmped in slurry form 
to filter beds, w-hich allow the water to flow off, while the now inoffensive 
mud remains behind. During the rotting period, micro-organisms grow, 
with the simultaneous evolution of gases, mainly methane and carbon 
dioxide- In some of the European installations, the gas is burned under 
a boiler. 

Imhoff Tank. Sim]plicity in construction and operation is secured 
by placing the sedimentation tank above the digestion tank, so that the 
sediment may be fed to the digestion tank by gravity^. This is the princi- 
ple of the ^vell-knowm and popular Imhoff tank, illustrated in Figure 83. 
The retention time is about 2 hours. 

The effluent from the Imhoff tank is chlorinated, and then sent to the 
river or stream. If there is situated down river another community 
wfflich draws water from the river for municipal use, the up-river plant 
is required to send its effluent through trickle filters, in which it is sprayed 
into the atmosphere, falling on a gravel and sand filter, then only, after 
chlorination^ reaching the river. 

The Imhoff tank is well adapted to small and medium size cities. It 
removes from 50 to 80 per cent of the total solids in the raw sewage. 

Septic Tank. In the septic tank, the sediment is allowed to remain 
until it is rather well digested; it is really a sedimentation and digestion 
tank in one, and is cleaned only ' once a year. It has been adapted to 
fair-sized cities, and is in general use for single dwellings without sewer 
connections. 

The Imhoff tank may be considered a perfected septic tank, in which 
the anaerobic fermentation takes place undisturbed by the flow of the 
sewage proper. 

The sewage disposal plant for the city of Worcester, M ossachijLsetts 
(200,000 inhabitants) , is an installation of Imhoff tanks on a grand scale. 
The plant is in sight of U. S. Highway No. 20. The functioning of the 
tanks is essentiallv like that of the smaller plant described. The raw 

lo ^'Tasclienbucli cler Staat-Jb!:ntwasseniiig," K. Iixihoff, M^unich and Berlin, H.. Oldenburg, 
1932, p. 93. 
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sewage passes through the following divisions: grit chambers (2), screens 
(2) , Imhoff tanks (12) and as to these, each one is 32 feet deep, and 50 by 
50 feet in area, divided into 4 parts; the direction of flow is reversed once 
a month; dosing tanks (8), for the distribution of the partially clarified 
sew’age upon the trickling filters; trickling filters (4) , on a lower level, and 


Figure S3. — Imhoff tank. Upper 
drawing, plan view of the 
tank, showing circulation . 
The flow through the tank 
is reversed periodically ; di- 
rect flow is through gates 1, 

4, 3, 7, and 9, with the 

others closed (solid arrows) ; 
reversed flow through 2, 8, 
to the tank, out through 4, 

5, and 6, with the remain- 

der closed (dotted arrows). 
Lower drawing, cross sec- 
tion ; 3^ discharge for the 

sludge. 



covering 13.68 acres; final settling tanks (4), to remove suspended matters 
from the effluent coming from the trickling filters. No chlorination is 
necessary; the effluent discharged into the Blackstone river may be kept 
indefinitely in a closed bottle at room temperature without developing any 
disagreeable or offensive odor. The quantity of sewage normally handled 
is between 17 and 24 mgd. The Imhoff tanks remove 56 to 62 per cent of 
the total solids. The appearance of the plant is that of a. m'+.-o- oavV 
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Power from the sewage gas. Reference has been made to European 
installations for producing power from the Imhoff tank gas. Tliej*e is now 
an installation in America, in T^urham, IST. C., in which sewage gas Irom 
activated sludge tanks, in tJiis case, becomes the fuel for gas engines which 
supply all the power required by the pjant. Sludge from the primary 
settling basin, and skimmings from that same basin, arc conditioned, by 
addition of lime generally, and the ph adjusted to 7.2. Pumped to closed 
digesters, this conditioned sludge, with the proper content of activated 
sludge, is digested at 82° F. (27.73"^ C.) for 30 days; the gas evolved 
during the digestion is discharged into a gas holder which exerts a pi’os- 
sure on the gas of 6 inches of water. The gas consists of methane and 
carbon dioxide, and its average Btu. over the year was 723 per cubic foot. 
The volume over the year (1935-1936) was 16 million cubic loet.^^*^ 

Activated Sludge Process. The activated sludge process "^consists 
of the aeration of sewage in the presence of nitrifying and other organ- 
isms attached to the circulating sludge. It rests ui)on observations made 
in the cotirsc of a study of the effect upon fish life of water polluted 
to different degrees by sewage and other substances.’’ 

The process will be best explained in terms of an actual plant. 


Ti-ir: jMiiavaukilik Pi.ant 

The activated sludge process differs from the Imhoff tank and similar 
procedures in that it employs microbial gro^wth under ach’obic condition. 
Air is supplied, and the material is exposed to the open air in large rather 
shallow tanks through which it travels slowl^^. Whatever action takes 
place in the digestion tanks of the Imhoff system is anaerobic (that is, 


Si7?iple Floiv Sheet for the Activated Sludge Pi^ocest^ of Sewage Eisposal. 

Raw seTvaj^o grit chambers screens 

25% activated sludge 
addition. 
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loii “Sewage gas engines supply power for disposal plant at Durham, N. C.,” Milton. F. Merl, 
Southeim Power Journal, 54, Xo. 12, 50 (1936). 

From a private communication from Dr. H. W. Clark, Chief Chemist, Mass. Dept. Public 
Health, to whom the observations are due. 
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without oxygen). Another difference is that the digestion is naade com- 
plete in the activated sludge process, while the rotting in the Imhoff sys- 
tem is partial. 

A description of the iVLilwaukee disposal plant will permit the tracing 
of the sew'age through the plant. (^See Flow-Sheet, Page 242.) The raw 



PicxjRE 84. — ^Vorticella attached to shidj^'e particles (400 X); one of the proto- 
zoa in activated sludge. (Courtcosy of Mr. Itoljnrt Crarncn-, Consulting 
Engineer, Milwaukee, Wis.) 


sewage passes through grit chambers, then through fine screens, to rcacdi 
an overflow chamber leading to the mixing channel. Ilere 25 per cent 
conditioned sludge enters and joins the raw sewage; tliis is now mixed 
sewage. 

Filtered air is blown in, and the aerated mixed sewage passes to one 
of 12 double aeration chambers, open tanks 250 feet long by 85 feet wide. 
The mixed liquor is 15 feet in depth, and continues to receive air through 
diffuser plates located in the bottoms of the tanks. The volume of air 
blown in is just sufficient to produce the complete digestion. A gas con- 
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sisting of carbon dioxide and methane rises in sufficient volume to form 
a foam at the surface. Each aeration tank delivers its charge, after any 
one part of it has spent 6 hours in the tank, to a large sedimentation 
tank in which a I3orr classifier works; the clear, slightly^ colored effluent 
passes out to the lake and is called the outfall. Continuously also the 
classified mud is pumped in slurry form to a battery of 24 Oliver continu- 
ous filters with 14-foot drums, where it is dewatered. Automatic con- 
veyors deliver the moist mud to rotary driers, wliich it leaves ready for 
packing. It is used as fertilizer under the name Milorganite, which ana- 
lyzes 7 per cent nitrogen as iSTHa, and 2 per cent available phosphoric acid. 

A portion of the sludge is conditioned by additional aeration, and is 
used to inoculate the raw sewage. 

The plant treats on the average 85 million gallons per day of a strong 
industrial sewage averaging close to 300 ppm. suspended solids. 

A recent study on the conditions necessary for the clarification of 
sewage as obtained in the activated sludge process indicates that there 
must be (1) aerobic bacterial life, (2) live protozoa, and (3) oxygen in 
solution. The protozoa are organisms of zoological type, and among 
them may be mentioned the vorticella which is attached to a sludge 
particle by a stem. (See Figure 84.) 

The process of clarification from the colloid standpoint consists ]>artly 
in the assimilation of matter in the colloidal state (albumen, mucin, pro- 
tein, algal matter) and of dissolved organic bodies by the i.:)rotozoa and 
bacteria, partly in their oxidation, due also to the presence and activity 
of the organisms. Because of the colloidally protective function of albu- 
minous matter and of dissolved organic substances on the suspended solids, 
the destruction of a small amount of the protectants permits the ready 
settling of a relatively large amount of solids. 

The sevrage disposal now (1937) being installed in Buffalo, IST. Y., is of 
still another type. The sewage is collected in large settlers located on 
Bird Island; the solids are settled out; the clear outfall is chlorinated and 
passes out to the river. The settled solids are dried and incinerated. 

Other Pate^^ts 

1,515,007 and 1,586,764, on the formation of zeolite mass; 1,820,978, digestion of 
coarse substance left on sewage screen; 1,820,977, complete sewage treatment plant 
with submerged aerators; 1,820,976, using activated sludge to prevent acid fermen- 
tation; 1,722,945, acceleration of sludge digestion by allowing it to settle and then 
raising the heavy parts and allowing it to settle a second time; 1,790,975, treatment 
of sewage by the activated sludge process; 1,779,810, a method and plant for the 
drying of sewage sludge; 1,642,206, apparatus for the treatment of sewage by the 
activated sludge process; 1,690,682, keeping the hard, floating sludge submerged by 
inserting a cover in the digestion chamber; 1,696.846, sewage treatment with a screen 
acting like a filter; 1,700,722, sewage treatment by activated sludge in combination 
with a preliminary tank treatment. 


Problems 

1. Filter alum, commercial aluminum sulfate, with 16 per cent AbOa content, is 
added to a municipal water supply at the rate of 62 pounds per million eallons. 

12 '^The role of protozoa in activated sludge/* Robert Cramer, hvd. Eng. Chem., 23, 309 (1931). 
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The daily volume pumped is 190 million gallons. The alkalinity is sufficient to 
precipitate all of the aluminum in the form of its hydrate. How much filter ahim 
is added per day,, what is the weight of the alum floe formed (on dry basis) ? 

2. If the alum used in Problem 1 had to be precipitated by soda ash, 98 per 
cent pure, how much soda ash per day would be required? 

3- The chlorine is added at the rate of 2 pounds per million gallons. Over the 
year, with chlorine 2 cents a pound, how” great is the expenditure for this item? 
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Moberg and E. M. Partridge, Ind. Eng. Chem., 22, 163 (1930); U. S. Patent 

1,679,777. 


"Water, raw material for chemical industry,” R. E. Hall, Chem. Alet. Eng., 38, 
513 (1932). » 

"Sodium aluminate in modern water treatment,” R. B. Beal and S. Stevens, 
J. Soc. Chem Ind., 50, 307T (1931). 

"Industrial water supplies of Ohio,” Geol. Survey Ohio, Bull. No. 29, C. W. 
Foulk, Columbus, Ohio, 1925. 

"Zeolite water treating system of the Beacon Street heating plant,” J. H. Walker 
I^€io F. Collins, Ind. Eng. Chem., 21, 1020 (1929), with a diagram of a complete 
leed-water treatment system. 

“Zeolite softening of lime-treated water at Columbus, Ohio, water softening and 
purification plant,” C. P. Hoover, V. L. Hansley and C. Q. Sheely, Ind. Eixg. Chem., 
20, 1102 (1928). -0 

**Modern sewage disposal and hygienics, a treatise on the subject of sewage 
disposal, with details of present day practice, and a historical resume,” S. H. Adams, 
London, E. & F. N. Spon ; New York. Spon and Chamberlain, 1930. 

sewage disposal,” M. Leonard and H. P. Eddy, New York, 
MCcGraw-Hill Book Co., 1930. 

^ ^‘Sewage treatment and disposal, a manual for municipal and sanitary engineers,” 
G. ML. Flood, London, Blackie and Son. Ltd., 1926. 

arithmetic of sewage treatment works,” Karl Imhoff, translated by Gordon 
M. Fair, New York, John Wiley and Sons, Inc., 1929. 

design of aeration units and sedimentation tanks for the activated sludge 
^wage disposal plant at Milwaukee,” H. W. Townsend, Trans. Am. Soc. Civil 
Engineers, SS, 837-862 (1922). 

309 protozoa in activated sludge,” Robert Cramer, Ind. Eng. Chem., 23, 

22 172^(1930)^'^'^ sludge digestion in Imhoff tank,” W. H. Hatfield, Ind. Eng. Chem., 

"McKern sewa^ disposal exemplifies chemical engineering progress,” Chem. Alet. 
JitnQ.y 38, o20 (1932). 
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“The not the abuse of streams,” Robert Spun* Weston, p. 1; “The sanitary 

conservation of streams by cooperation,” by W. L. Stevenson, p. 9; “Stream pollu- 
tion in the state of hTew Jersey,” by Willem Rodolfs, p. 31; “Administrative 
control of water pollution,” by Thorndike Saville, p. 49; “Work of the Connecticut 
state water commission,” by William S. Wise, p. 91 ; “Disposal of ^wastes formed 
in the manufacture of starch and beet sug:ar,” by Edward Rartow, p. 110; “biquid 
wastes from industrial plants and their treatment,” by Edmund 13. 13esselievre and 
Anthony Anable, p. 122; and comments on all these papers by C. M. IBakor, S. T. 
Powell, and J. Traquair, p. 147-153, Trans. Am. Irvst, CJiem. Erhci., 27, (1931). 

“Sewage gas engine supply power for disposal plant at Durham, JST. C.,” Milton 
F. Merl, SouiKarn Power Journal, 54, jSTo. 12, 50 (1936). 

“British practice in sewage disposal,^’ PI. C. Whitehead and P''. R. O’Shaughnessy, 
Trans. Inst. Chem. Ertg. (Hritish), 11, 26 (1933). 

“'Sewage treatment in America,” L. R. Howson, Trartis. Inst. CJhcni. Eng. ( IJriLisJi,)^ 
11, 50 (1933). 

“Gorman practice in sewage disposal,” Earl Imhoff, Trnyvs. Inst. Ohcin. Eng. 
(British), 11, 66 (1933). 

“Studies on the nature and tuiioiirit (^f the collt:>ids provseiit. iii st'wagt'. I^url. VII. 
T'hc effect of bubbles of gas and agitation on sewage liqiiors,” 10. Williams, J. bV)c. 
Chem. Ind., 54, 355T (1935). 

“T^lie activated sludge process, Withington works,” Iklwnrd Ar<lern and William 
T. Lockett, J. Soc. Chem. Bid., 42, 225^" (1923). 

References on removing phenol from ammonia liquors and other liquors will 
be found in Chapter 14. 



recGixtly , the 'possession of coal fields zocts 'needed to inswre 
sec'writy a/nd ind'ustTzal prosperity to a 'nation ^ 'ivith the advances in 'water' 
power and the finding of petrolezi'm in certain coal-poor states, a partial 
independence of coal has res'ulted. And still, coal as a soxirce of ill'uminat- 
ing gas, dyes, and certaizi eccplosives, remained, for a while^ witho'ut 
substit'ute. This is no loizger so; benzene is made in huge quantities by 
pyrolysis followed by polymerization from petroleum gases and natural 
gas; dyes and ex^plosives may rest on this source. Coal therefore seemed 
neatly shoved down as to its industrial irreplaceableness . Once again the 
icheel turns, and as a source of motor spirits by hydrogenation, coal 
assurrzes ancu) a front rank position, to become a coznfort to the nations 
which possess it. Aznrnonia had its source in coal, forty years ago; the 
greatly increased amounts of ammonia nozu marketed and consumed are 
made synthetically, from atmospheric nitrogen, a store available to all. 
Thus does modern science oJJc7' compensatio7is to nations 7iot favored by 
a fidl list of 7iatural resources. 


Chapter 14 

The Distillation of Goal for Gas, Coke, Tar, and 

Ammonia 

The chief use of coal is as a fuel, as described in Chapter 12 pre- 
ceding; but a higlier use (economically) can be made of this material, 
or at least certain grades of it, by separating from it those portions 
which may be used in otlier more specific processes, and burning only 
that ]iortion of the coal which cannot be so used. Also, it may be trans- 
formed into other forms of fuel, more valuable merely^ because of their 
greater convenience of application and transportation. The processes 
used are all destructiv'e distillations, performed in the absence of air. 

Coke which is made from the proper mixture of coals and heated 
long enough is a hard, strong material, the ^hnetallurgical coke'^ used in 
blast furnaces. It is made by the distillation of coking bituminous coal, 
in beehive ovens, in retorts, or in the by-product coke ovens of more 
recent development. In 1935, 35,141,261 tons (2000 lbs.) were produced, 
and of this amount, 2.61 per cent were beehive oven coke. There has 
been a decrease from the original 100 per cent production in beehive 
ovens to this low figure, as gradually the by-product coke became accept- 
able to the metallurgical trade. 

In the beehive process, coke is the sole i^roduct; a part of the volatile 
matter is lost outright, another part serves merely as fuel. In the by- 
product installations the volatile part is collected, the combustible gas 
is purified from ammonia, tar, vapors such as benzene, which are all 
recovered and utilized. 

In the municipal plants, coal is distilled in retorts, primarily for its 
gas. Originally, the coke produced was dumped onto the grates, to fur- 
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nish the heat to the retorts above; but when there is a marlvct for the 
coke as domestic coke, the heat is obtained by means of i>roduccr gas. 
In the modern plants, the retorts are vertical, and circular or rectangular 
in cross-section.^ The operation of coking is continuous; coal enters 
at the top, by gravity; coke is withdrawn at the base, periodically, through 
water-sealed valve. The Woodall-Duckham vertical continuous retort 




Fiouuk 86. — The Woodall- Diic*.khj.ini 
vertical continuous retort (left). 
The | 2 ;as passes out by an offtake 
situated just in front of I ho coal 
magazine. [Courtesy of Jc'rome J. 
Morgan, publisher, Maplewood, 
NT. J., and The Isbell-Porter Com- 
pany, jSTewark, N. J.] 



Tiguke S5. — Water-sealed gas-tight 
door (above). Tor discharging, the 
curved steel sheet just xindcr the 
coke, is rotated to the right and 
down, out of the way. [Courtesy 
of Jerome J. Morgan, p\iblishor, 
Maplewood, N. J., and The IsboU- 
Porter Company, Newark, N. J.l 


will serve as an example. It is 25 feet high, about 4 feet by 8 inches at 
the top, 4 feet by 20 inches at the base, hence a narrow chamber, wider 
at the base, so that the coke works down of its own weight. It is built of 
silica bricks, and is heated by burning producer gas with preheated air in 
flues provided in the wall. The temperature at the wall is 2500° F. (1371° 

^ The Glover and West, and the Woodall-Duckham. 
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C.) , while the temperature of the coke itself is 1300-1400° F. (704-706° C.) . 
The through-put of coal is 74 tons per day. Steam (10 per cent by weight 
based on the coal) is blown into the retort afc a constant rate, so that a 
mixture of w^'ater gas and coal gas is the product. Per ton of coal, about 
12,500 cu. ft. of gas are collected. Four retorts form a bench, 5 benches 
on each side of an aisle form an average unit. 

The coke is worked out by a slow-moving helical grate, and reaches a 
quenching box, from which it is discharged by a hand-operated semi-barrel 
valve. 

The gas is purified from tar and ammonia, which are recovered, so that 
the plants belong to the by-product class. For small installations, they are 
very satisfactory; for large cities, the by-product coke ovens such as the 
Otto, Scmet-Solvay, and Koppers are more economical, in spite of a 
higher first cost. 


By-prodxjct Coke Ovek^s 


For modern plants of large capacity, the oven is a narrow vertical 
chamber with silica-brick walls; the chamber is 28 to 39 feet long, 14 
feet high, and has an average width of 14 to 18 inches. It is wider at 
one end (19 inches) than at the other (17 inches), in order to prevent 
a jamming of the coke when discharging. Heat is supplied by burning 
gas on the outer side of the chamber walls. A number of ovens (such 
as 60) form a block; the operation is intermittent per oven, but con- 
tinuous for the block. The period of heating varies ; an average is 17 
hours.- The temperature in the flues, that is, at the outer side of the 
chamber w^all, lies between 2150° and 2550° F. (1177° and 1400° C.) ; 
the temperature of the coal within the chamber is less, perhaps 1800° f! 
as maximum (982° C.) would be a fair average. These are the tempera- 
tures found in the general practice, which is termed high-temperature 
carbonization, in contrast to many proposals for working at lower tem- 
peratures, referred to as low’-temperature carbonization processes; these 
latter are discussed briefly further on. Generally the air for combustion 
is preheated, the gas is not. The outgoing gases furnish heat to regen- 
erating chambers, of wdiich there are two per oven. The direction 
of the air and of the fire gases is reversed every 15 or 20 minutes; a 
scheme for reversing is illustrated in Chapter 11. At the end of the 
distillation period, the red-hot mass of coke is pushed out of the oven 
in a single stroke of a ram, in the short space of 3 minutes ; as the ovens 
are elevated, the coke falls into a special car on railway tracks. The 
car is pulled to the quench hood, and there quenched by water. It is 
then dumped to a sloping platform which leads to belt conveyors; these 
bring the coke to screens, chutes, and railway cars for shipment. The 
oven charge is 11 tons of coal, or more. 

In the arch forming the roof to the oven, 4 charging holes are pro- 


2 The coke oven engineers speak of "inch -hours/* obtained by dividim 
coking m hours by the width of the oven in inches ; hence it is the number o* 
The effort is to reduce it. 


the period of 
hours per inch. 
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vided, with a fifth opening for the escape of tlic gases; this latter c)}>eiihig 
carries a cast-iron goose-neck, whicli reaches into a iiorizontal steel 
trough running the length of the block, the ‘fiiyclraulic main/' gas 

from all ovens is collected in this main and conveyt'd by c'xtcnsions to 
the coolers, purifiers, and meters; the liciuid in tlu' main, tai’, ovtM'laid 
by an impure ammoniacal water solution, serves as a st‘al to c^ach rcitort, 
so that while one is being discharged, the gas doc's not c^sca-pi', lUMtiu^r 



Figure 87. — JJ'p'per right, vertical cross-section, jcngtliwiwo, throiigh Ihti St'inet.-Solvty 
tw~prodiict coke oven, showing the heixtiiig flues. Air fruni. iuiui(U 1 (‘iit.ers 
the hot checkcrw'ork in regenerator 2, and passes along the fluovS and iir)warch 
burning the gas which enters through burners. ; the fire gasns dostaaid at. 4 
tlirough a vertical channel to regenerator 5, and to th(^ stack tlirongli liiiinc‘1 0. 
Zl'pper Icjt, vertical cross-section, crosswise, showing fUlc^s a.n<l ovtni proper. 
Lowei' Tight, horizontal cross-section showing, width of a.nd t;iper of oven, 

also the four charging holes and the hydraulic main coniK^ction at 7; flie i*a.rn 
enters under 7, the coke drops off at S. Foi* dimensions, text. 

does air enter. The front and back of the oven arc closed by cast-iron 
doors lined with silica bricks; when reset after discharge, they arc luted 
with mud to make them gas-tight. 

The coal is charged from a special car traveling on tracks laid on 
the roof of the ovens. The coal is carefully chosen, and nearly always 
a mixture of two kinds is used, in order to obtain a coke which will be 
suitable for metallurgical purposes. The mixture may be 20 cent 
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of a low-volatile coal (16-18 per cent volatiles), and the rest a higher- 
volatile coal (30-35 per cent volatiles) with coking properties. The coal 
is crushed by rolls followed by a swing-hammer mill ^ ; it is conveyed 
to a bin sufficiently elevated so that the traveling charging car may be 
loaded by gravity. 

Dry Quenching of Coke. The heat in the coke and hot gases rep- 
rciscnts 70 per cent of the applied heat. When the hot coke is quenched 
with a stream of water, as is the custom, its sensible heat is wasted. 
Attempts have been made to substitute “\lry quenching,” by circulating 
an inert gas over the coke and under a boiler; in one trial which has 
been reported/^ a recovery of 70 to 75 x^^r cent was made. 

Cooling and Purifying the Gas- Assuming that the gas is to be 
sold to a municipality, it must pass certain tests of purity, and on burn- 
ing must furnish 537 Btu.^^^ per cubic foot. Formerly a candle-power 
requirement was also made, usually 18 candle power; the tendency is to 
abolish it because the gas flame alone is now rarely used for light. The 
purification leads to tlie collection of the by-products, tar and ammonia. 
The appreciable content of benzene ^ind homologs would not need to be 
remo\^ed, but since the i3ur})osc of these ovens is to jorovide by-j^roducts, 
they arc scrubbed out of the gas by oil. The removal of benzene lowci*s 
tlic (*andl(^ i)ower, but as this requirement is gradually disapx')caring, the 
gas remains salal)lc. There is left in the gas a hydrogen sulfide impurity, 
which is removed by contact wdth wood shavings coated wdth lime and 
iron oxides, or by “liquid purification.” 

Coolers. The gas leaves the oven at rather moderate temperatures, 
for tlic greater part is evolved in the early stages of the coking. Some 
cooling takes place in the hydraulic main and its extensions leading to 
the cooler proX)er, so that it generally reaches the latter with a tem- 
peratui'e of 170° F. (77° O.). The coolers consist of steel tow'crs, with 
wooden grids; the gas comes into direct contact with the cooling liquid, 
a solution of ammonia, which is itself cooled in i)ipcs sprayed with water 
and recirculated. A gain in liquor occurs, for the gas holds less moisture 
cold than hot; this excess is sent to the ammonia still. The cooled gas 
is drawui by centrifugal exhausters from the cooler and pressed (warmed 
somewhat by the compression) past the bafEes of a tar extraction box 
into the ammonia scrubbers. 

Ammonia Extraction, a. ' JBy scrztbhers. The gas rises in a steel 
box filled with grids, meeting a descending stream of weak ammonia 
liquor; from the first box it reaches a second, and a third, fourth and 
fifth, losing its ammonia. The liquor from the first tower (w’ith respect 
to gas travel) is the strongest solution of ammonia; the fifth tower 
receives water, and its liquor is fed to the fourth tower and so on. The 
cleaned gas passes to the benzene scrubbers. The ammonia is present in 

® Chapter 44. 

PittsbuSh^ Conf. Bituminous Coal, 2nd Conf., 

New York State Public Service Commission standard. 
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the form of ammonium hydroxide and of ammonium salts, sulfides, car- 
bonates, and others, 

b. By direct sulfate for7nation.. This method renders the subsequent 
distillation in a still unnecessary, and is therefore bein^ adopted in all 
the newer installations. All the gas passes through a sulfuric acid solution, 
where the ammonia is retained and precipitated as ammonium sulfate. 
The slurry is continually pumi:>ed out (by a small steam-jet pump), 
the salt centrifuged, and the mother liquor returned to the absorption 
box with additional sulfuric acid. 

Benzene Recovery. After losing its ammonia, the gas travels upward 
through tall steel towers with grids, meeting a stream of ''straw oiT’ 
which takes up the benzene and toluene from the gas. The charged 
oil is distilled, the benzene collected and sold generally as motor spirits, 
and the free oil used over again. As a rule, two towers woidc in series. 

Purifying Boxes. The gas next enters the base of wide, low boxes 
which contain the iron oxide and lime impregnated on wood shavings; 
hydrogen sulfide is retained, forming iron sulfide. After a iKudocl, the 
mass must be exposed to the air, to be revivified. A certain number of 
such exposures cause an accumulation of sulfur in the free state, and 
the .mass may be used as a source of sulfur' for sulfuric ncdcl manu- 
facture," 

The Thomas Meter. There remains now only the metering of the 
finished gas and the testing of its heat value. The device generally 
adopted for metering is the Thomas meter (Figure 88) in which a measured 



Figure 88. — ^Thc Thomas motor for 
measuring the volume of gas flow ; 
1, heating coil ; 2, Llierinoineter 

for entering gas; 3, thorniomctor 
for outgoing gas ; 4, galvanoinctcn' 
in the Wheatstone bridge abod. 


quantity of electrical current, sent into a rcsistanec-wire heating coil, 
is so varied that a differential of 2^ F. is maintained between the tomficra- 
tures of the entering gas and the gas which has passed the coil. It is the 
variation in this heating current which forms the basis of the measure- 
ment. The temperatures of the gas affect the resistance of two nickel 
wire grids which form part of a Wheatstone bridge. With the stand- 
ard heating current and standard flow of gas, their resistance ratio is defi- 
nite; any change in the flow disturbs the balance, and more or less current 
enters the heating grid by the aid of a small motor-driven regulator. 
The instrument is automatic and recording, and is graduated to read 
cubic feet directly.® 

® The oxide is burned and the sulfur dioxide sent to chambers: carbon dioxide is evolved 
in the burning also> and tends to render the operation of the chamber very difiioult. 

o The Cutler-Hammer Manufacturing Company, Milwaukee, Wis., publication 'I'— ft. 'I'lie 
calorimeter is reproduced in Ind. JSn-ff. Chem,, 18, 1083 Cl^SO). 
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Tlie Thomas Calorimeter. The heat content of the gas is measured 
continuously by the Thomas calorimeter, and the readings are recorded 
automatically^ on a chart indicating Btu. per cubic foot.^ 

Yield. The amount of gas, coke, and other materials obtained from 
1 ton of coal vary with the kind of coal used; as a guide, the following 
figures may be given: 

1 ton of coal produces 10,000 to 11,000 cubic feet of gas 

1400 to 1500 pounds of coke 
10 gallons of tar 

IS to 30 pounds ammonium sulfate 
2.7 gallons motor spirits. 

A large portion of the tar is obtained from the hydraulic main, the 
liquid contents of which are allowc^d to overflow to the decanter, where 
the tar forms a lower layer, the ammoniacal liciuor an upper layer. 



Ficxjre 89. — A view of several vertical cross-sectional cuts through the 
Becker oven, showing: The two arched canals for air; the regenerators; 
the heating gas lines ; the vertical flues with cross-overs ; several ovens, 
and their charging inlets. The heating flames travel up on one side of 
oven, and dowm on the other, to enter the regenerator- As shown, the 
gas is not preheated in the coke oven structure. (Courtesy of the Koppers 
Construction Co., Pittsburgh, Pa.) 

In the Koppers oven, the flues in the chamber wall are vertical, 
and connected by cross-over channels to the flues in the opposite wall, 
"where the fire gases descend and pass out to a regenerator. {See 
Fig. 89.) 

Other ovens are the Otto, the Wilputte, Foundation, Piette, and 
Roberts. 
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The combination of a water-gas plant and ii (‘oke-ovt'n gas i^lant. 
is not infrequent; the gases are sometimes mixed, or the wa,tt'r gas may 
be burned in the flues of the oven, thereby releasing the eciuivalent volume 
of coke-oven gas for sale. 

Tiquid Purification. A new method for gas iniriheation has been 
installed in several plants and has proved sueecssful. It. will rc‘pla(*e. 
the purifying boxes filled with the lime-iron oxide sluivangs, or l)oth 
devices may be used; in the latter case, the oxides hoxc's, whieli rcau'ivc^ 
the gas already purified by the liquid ])rocess, would rc'ciuirc^ refilling 
only at long intervals. The process is as follows; '^riic'. gas ])assc's 
ux>ward in a tower with wooden grids, mooting a 2 to 5 pen* (umt sodium 
carbonate solution. Hydrogen sulfide, carbon dioxides and liydrogcai 
cyanide are retained in the liciuor, while the clean gas passc's on. The 
foul liquor is pumped to the top of a second tower, wliihi iiot, and nu*ets 
a blast of air which travels upward, driving out hydrogc'ii sulfidc‘, h 3 alr()- 
gen cyanide, and carbon dioxide. The I't'acd.ions whi(‘.h iak(^ ])la<*(' tiw 
given below; they are reversible, and rim to flic liglit wliilc‘ (h<‘ gas 
passes, but to the left while the air is lilown in. 

NaoCO« + IIoS ^ NaSH -h NalTCO:, ; ISTa^^CO;, -h CO:. -I- TT:..( ) — 2 Nhi IICM ; 

Na.COa -I-- IlCN NaCN H- ISru,HC^<'):,. 

The gases passing out of the liquid purifying agent ma,y bc'. burnt 
under a small fire, to prevent a nuisance. Instead of driving out the. 
gases, the sulfur may be recovered by the Thylox procaiss,-"^*^ in which 
hydrogen sulfide from the gas is retained and, in a subscaiucait, st.i‘p, 
transformed into elemental sulfur. A solution oT sodiinn l.hioars(‘n;Llc^ 

Na., A.SoSr.02 + IkS — > lSra.A.SoSoO 4- II:.( ) 
alisorbing reaction 

IMm.iAsoSoO 4- O — ^ jSra4As:.Sr.Oi: 4- 8 
revivifying reaction 

accepts the hydrogen sulfide; on blowing with air, part of the sulfur in 
the latter compound is liberated, and comes to thc^ top of tlu^ solution; 
it is skimmed off and filter pressed. In this change diu^ to air, tlu^ first 
compound is reformed, and is rcad^^ for new aI>so:ri)tic)n. Sulfur in this 
extremely finely divided form has proved to be a valuable fungi(rKle.^* 

Triethanolamine (Chapter 25) instead of soda ash luis benm used in 
the liquid purification method for coke oven gas; after tlie absorbing 
liquid has taken up all the impurities it can hold, it is treated with 
steam which revivifies it, restoring it to its original state. Triethanol- 

Chapter 15. 

® U. S. Patents 1,389,980 and 1,390,037. Sec also tlie Petit procc^ss, in whudi a Kolution 
of potas.sium carbonate is recommended, and essentially the same renctioas t.ak(i places; <l<‘a<'.ribed 
on p. 537, “Modern Gasliou.se Practice," Alwynne Meade, Ijoridon, Krnost Ilonn, Util., 1921. 

“Chemistry of the Thylox purification process,” TI. A. Gollrnar, Iiid. JCnt/. Ohem., 26, 

XoU 

O Ind. Eng. C/iem., 25, 364 (1933). 

lo ‘‘Organic bases for gas purification,” R. R. Bottoms, Inti. Eng. Chem., 23, 501 (1931). 
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amine is a high boiling liquid, strongly alkaline ; it is used over and 
over again. Figure 90 shows the apparatus employed. 

Sodium Phenolate Gas Purification. Still another gas purification by 
means of liquids must now be added to the list. It is the phenolate 
process, designed for the specific purpose of ridding refinery gas or natural 
gas of any hydrogen sulfide it may contain, an admixture which is fre- 
quemtly high. Tlie absorbed h^^drogen sulfide is liberated in the actifier, 
in concentrated form, and becomes the source of sulfur for the manufac- 
ture of sulfuric acid, displacing a corresponding tonnage of brimstone 
which otherwise would have to I)e bouglit. The phenolate ])rocess is 


FifUTRK 90. — Ijiqnid purifica- 
tion of illumiuatinj^ ^as, 
using trietbanolaininf\ 
with revivification of the 
absorbent by heat. 
(Courtesy of iVIr. It. R,. 
Bottoms, the Girdler 
o 1 ■ p o r ill t, i o n , T j o 1 1 i s \u‘ 1 1 o , 

Kyd 



timely, for by its means refinery and natural gas may be placed in the 
state of purity required for the pyrolysis and polymerisation into s^aithetic 
gasoline. 

In the Koppers phenolate process the refineiw g;as or natural gas 
rises in the plate column absorber, meeting a descending cold liquid, a 
solution of phenol in caustic. Essentiall 3 ^ all the hydrogen sulfide present in 
the gas is absorbed (96 to 99.8 per cent). The charged solution passes 
through a heat exchanger, taking heat from the hot liquor leaving the 
actifier, and enters at the top of the latter, also a plate or bubble-cap tower, 
only somewhat larger than the absorber. As the charged solution 
descends, it meets steam rising from the lowest portion of the solution 
which lies in contact with a steam chest. The hydrogen sulfide with steam 
leaves the actifier overhead, passes two dephlegmators, and thence to a 
burner for the production of sulfur dioxide. The liquor leaves the actifier 

io» ‘‘Koppers i^exiolate gas purification process for recovery of sulfur from natural and refinery 
stm^ g^es^ ^^the^ KopjDers^ Construction Company, Pittsburgh, Pa.; also IT. S. Patents 1,971,798, 
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hot, and free from hyclro«;en sulfide; it passes an exchanger ai^d a cooler, 
and then enters the absorber, at the fourth plate from the top (12 plates 
in all). Fresh water is added continuously to the top tray of the absorber; 
the three top trays become, in effect, a water scrubbed' to retain entrained 
chemicals. At stated intervals (one week) chemicals lost to the system 
are re[:»lenished. 

The high carrying capacity of this solution makes it possihU^ to puni]) 
only 5 to 10 gallons of solution per 1,000 cubic feet of sour gas; this is ti low 
ratio, which means ec(uion\y of installation and opcaaition. 

Modekx Pkactici:: nsr Coau-tar IIisti citation 

In recent years, the distillation of coal tar has received much study 
and attention, and a number of improvements have hecai madi^ 

The aim of the tar-distiller is to produce as miudi oil as ]>()ssible 
(from which, then, more of the valuable constituents may Ik; isolated), 
with a pitch having a high melting point, and at tlic‘ sanu' time to keep 
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Fkjxtrio 91. — The off(‘ct of lunil. on 
till*. Full curvt', hc'at.iiij*: tar in 
auLocliivo ; doU,f‘d cairvc', c*.ool- 
in^;; same aii( 0 (*la\'(' ; tin.' hifiiher 
prcssuj’c's arc' diu' lo (^v'olved 


down the formation of free carbon. The higher the temperature, and the 
longer the tar is subjected to it, the more gas forms, and the less oil. 
The aims have been therefore to reduce the time of heating, to agitate 
the tar layers in contact with the heating walls, or to operate in novel 
w^ays, avoiding all the old defects. A batch still is a steel vessel heated 
by an open fire; instead of heating only the lower half, all of it may be 
heated, reducing the recondensation on the cooler upr)er walls. The 
improvements include: modified batch stills, such as vacuum stills, stills 
with steam agitation, inert gas recirculation, and coke stills, in which the 
residual pitch is heated until only coke remains ; i:)ipe or tube stills, 
consisting of a coil of pipe set in a furnace, and through which the tar 

TJ. S. Patent 1,230,782. 
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passes continuously; the coke-oven tar still, which is built on top of the 
coke-ovens, and employs lean coke-oven gas as source of heat. 

As the heating of tar progresses, permanent gases arc evolved, the 
free carbon content rises, and the melting point of the resulting pitch 
increases. The evohition of gases as measured by pressure is shown in 
Figure 91^-; it will be observed that changes are slow below 600° F. 
(315° C.), and rapid above 700° F. (371° C.) . The increase of cracking 
as the teinx:)erature is increased is evident. The free carbon increase is 
15 per cent. 

The improved recovery of oil in vacuum stills is shown in Table 25.^- 


Table 25 . — VacziziTn SlilL tjs, ALynos'pKeric Stills. 


Temperature Oil nitcli Tree Oarbon 

Stills <=> a. ° F. , Per cent , 

Vacuum 330 626 56.6 42.5 2S.S 

Almospherit; 413 775 40.1 57.8 40.7 


In the pitch from the atmospheric distillation the free carbon is 2.8 
times that to be expected by the simple concentration of the free carbon 
present in the original tar; while in the vacuum still the increase is 1.4 
times. In the stills with steam agitation, the improvement is similar. 

The inert gas circulation system (see Fig. 92) has the great advan- 




Figure 92. — Hiagrammatic scheme for 
the inert gas recirculation process 
for distilling coal tar. 1, con- 
denser; 2, receiv'er and separator, 
the gas passing out to pump 3 ; 
4, heater. 


Figure 93. — Percentage distillate 
and corresponding pitch melt- 
ing xioint from a tar still with 
inert gas circulation. 


tage of being adaptable to any batch still; the improvement in amount 
of distillate and, at the same time, higher melting point of resulting pitch 
is well shown in Figure 3. At first, nitrogen or carbon dioxide was used, 

“The distillation of coal tar,” by John M. Weiss, J, Soc. Chem. Ind., 51, 219 <1932). 

^ U. S. Patent 1,418,893; related schemes in U. Patent 1,800,224. 
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and the rate wa^ 0.33 eii. ft. of l>ci* of tar per minuter for 

carbon dioxide, and 0.40 cai. ft. ])cr gallon j^er minute for nitro<:;t‘n. A 
sample of the results is sliowii in Table 20. 


TAi3n«j 26. — I)K:rL Cras iUrtuihtiion. Sf/i-itcni. n-t. Al }n.i>xf)h eric. ] )tsf lUtj t ioti . 



Vc'iui »r*rn 1 iiri* 

^ - ■ 1 

^ 

( )tl 

I' t <M' 
rl X »n 

S.\'sUMn 



P<M- fCiH. 

M . pi . 

, r.T < 

■l•nl -- 

Aliuo.sphoric wlill 

. . 113 

775 

57.8 

280 ' 

(138 ’ Ck) 

10. 1 

10.7 

lIotiircukit.cHl OO- 

. . 358 

(>77 

16.0 

277'" K. 
(13()" < k) 

52.(> 

29.0 

ItecirculcLic’d N"- 

. . . 331 

(528 

•10. '1 


52.0 

27.2 


It was found tliat if iiir is re(!irculate<l, its oxye;tm is soon (*( )iisumc‘(l, 
and the residual ^as is in etfect inert. Tlie incU.hod has a:dapt('(l 

to stills of cajaacities vtiryinp; uj^ to 1 (),()()() gallons. 

A very recent inipro venieii t lias been the placing!; of i\\v distiUin^ 
vessels on top of the coke-ovens/^^ and utilizin<i; th(‘ lt‘an <‘ok(‘-o\a‘n ,<:;as 
as a source of heat. ( )iily the sensible luait in such .a;as is us(mI, and after 
contact with the tai', it. rejoins the nia.in flow of tj:;as an<l \'i(‘lds its com- 
bustion lieat elsewhere^. ''Flie <*ost for fuel is t hus nil. Anotlu'r a,d\'ant a.^(' 
is that tlie crude tar need not be Iransjiort ed ; any fractions whicli must 
be burned arc so used on the premises; only the [larts for whi(*h IIumh' are 
orders are made to bear a shipi>ing charge. 


Kh.urk 91. — 'Far still tisin.L; IIk' s(‘n- 
sihlo li('at of l('an <•( >kf‘-( j\f ‘ii 
.ii;as. .1, ('iiliw' for lar; 2, i*otor 
roll ( (j splash pilah ; a, (Iraw-off 
for pitfh; 1, (’iili’y I’oi* weak 
ainmoiiia licpiid; r>, outlet, for 
cohl ij;a,s. 



Tlie i^roccdure is indicated in i^igure 94. Idie tar is prelu^at ed in ( he coil 
marked 1, and is delivered in sjiray form into the distilling t.owcu*, passing 
downward. The hot cokc-ovcn gas jiasses upward, volatilizing iiic oils, but 
allowing the pitcli to pass down to the distilling main; in the latter a rotor 
roll works and splashes the i:iitch into the incoming gas. Periodically, 
pitch is withdrawn at 3. The gas leaves the tower laden with oil vai^ors; 
it deposits the heavy oils while in contact with the coil bringing the new 
tar. The light oils are recovered in the final tower, packed with rings, 
down which a cold ammoniacal water solution flows. TIic coiidenscd 


Can. Patent 304,041 Cl 930) ; see also 304,940 to 304,946. 
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light oil and water pass down to a separator, while the cleaned cool coke- 
oven gas leaves at 5 to join the main flovr of gas. 

This almost ideal scheme has been quite successful, excei^t that the 
close control over the quality of pitch wdiich the inert gas recirculation 
procedure allows is not equaled. 

The oil fraction is next divided into four fractions, wdiich contain: 

(1) the light oil, benzene, toluene, xylene, some j^yridine and naphtha- 
lene; it forms 25 per cent of the total, and boils up to 170° C. (338° T.) ; 

( 2 ) the carbolic oil, phenol, naphthalene, and pyridine bases; it forms 
10 per cent of the total, and boils up to 225° C. (437° F.) ; (3) the 
creosote oil, cresols mainly; it forms 10 [)er cent of the total, and boils 
up to 270° C. (518° F.) ; (4) the heavy oil, anthracene, phenanthrene, 
carbazol, forming 40 per cent of the total, and boiling u]) tcj 320° C. 
(608° F.). The boiling points given are those obsei’ved at iitmosplieric 
pressure; at reduced pressure, or with inert gas (hrculation, tlu^y arc* 
correspondingly reduced. 

The refining of these fi*actions constitutes an iini^ortant industry, 
partly because it furnishes the raw materials for the dye inanufactui'c, 
X^artly because its products ai-e the basis for some of the military exi)lo- 
sives which must be obtainable within the borders of the (“ountry for 
the emergency of national defense. The pinlfication is mainly by dis- 
tillation, caustic treatment, and sidfuric acid washing. 

The proce>ss(‘s are as follows 

(1) The liglit oil is distilled in fire-lieated f I’actionating stills undei- 

reduced fbe shelves of tlu‘ fractionating column ]ia\"e small 

cones and bells so tliat tlie rising vapors must ])iil)ble tlirough the liciuid. 
The products are crude benzene, crude toluene, crude soK'cnt naphtha, 
and a I’esidue of tarry nature which serves as fuel. 

The various crude joroducts are washed with sulfuric acid, then with 
caustic solution, and again distilled by themselves in steam-heated stills 
with columns, at atmosj^heric j^rcssure. Pure benzene, toluene, and 
xylene are obtained; per ton of coal, the yield is 0.4 gallon toluene, 2 
gallons benzene, and 0.2 gallon x^^-lene. 

(2) The carbolic oil is cooled in large shallow loans, where the naph- 
thalene separates in the solid state; it is centrifuged to form crude 
naphthalene. The oil which remains is washed with caustic, removing 
the phenol ; then with dilute sulfuric acid, in order to dissolve the 
pyridine bases; the residue is distilled and gives essentially two parts, 
solvent naphtha, the distillate, and a resin (cumar) which is left in the 
still. The caustic solution is acidified to free the phenol, and the latter 
is distilled in fire-heated stills at reduced pressure; the product is a crude 
phenol, which must be redistilled in steam-heated stills. This distilled 
product is refined still further by mixing it with a little water, cooling 
it to a cake, crushing this, and centrifuging the mass; there is finally 
obtained the crystallized phenol of commerce. 

15 Chem, Met. Mng., 23 , 321 ( 1920 ). 
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The pyridine bascts are recovered from their acid solution by adding 
caustic, and then distilled. 

The crude naphthalene obtained in the first step is purificMl by melt- 
ing, cooling again, and centrifuging the semi-solid mass which results. 
The cleaned solid in the l.)asket is melted again, distilhal in lire-heated 
stills, and the distillate agitated while melted with sidriiri<‘ aedd first, 
then with caustic, and the residue again distilled; the distillc'd material 
on cooling solidifies and is the naphthalene of (a:)mmc'r(‘e. 

Fraction (3) may be used as such. 

(4) The heavy oil solifidies on cooling-; it is washc^d with solvent 
na}>htha and filtered; the nai>litha contains the phenant hrem^ filter 

cake is next washed with pyridine, to remove carbazol. Tlu' rtmiainiiig 
solid is sublimed and condensed in large chiimbers, as a white* solid; it 
contains 80 to 85 per cent anthracene. 

The pyridine solution is distilled, yielding in the distillate first pyridine, 
then carbazol, a solid; the latter is washed with sol\a*nt miplitha and 
sublimed; the product is 85 to 90 per cent carbazol. 


Tabce 27 . — 'United SLata.fi 

imr> (u. s. 

Tar , 

Crude light oil 

.Benzol ' 

Motor benzol 

Toluol 

Solvent naphtha 

Xylol " 

Xaphthaleno 

Anthracene, ciiiiieiie, ci*esylic acid 

Creosote oil 

Crude tar acids 

rtoad tars 

Pitch of tar 


of CI<'rl<thi C.-oid l\ir (.h'ndi'n 
O i> rn. niifiiiion ) . 

450,307,827 gallons 
134,070,840 gallons 
24,106,006 gallons 
38,379,910 gallons 
17,776,551 gallons 
4,970,842 gallons 
3,695,656 gallons 
47,653,372 pounds 
$256,405 in valium 
92,869,152 gallons 
279,129 gallons 
112,038,763 gallons 
436,570 tons 


Rroduct ion 
Ta.rifJ 


4.1 ('(‘iits/gallon 
S.5 (‘('Til s/gallon 

12.9 (M'lit s/gallon 
8.9 (‘(‘iits/gallon 

27.9 (*(‘nt s/gallon 
20.8 (*('11 t.s/gallon 
23 c'<‘nt,s/gallon 

1 .7 (-(‘lit s/poxnx(l 

10.2 (‘('n t.s/gallon 

S.-l (r<‘nt s/gallon 
12.37 dollars/ton 


Tow-Temperature Carbonization. By carbonizing at a. lowtu* tem- 
perature than customary a higher yield of licpiid ]>rodm*.ts, ves(*mbling 
oil rather than tar, may l)e obtained. Tiie oven wall tempera, turc in usual 
practice is 2350*^ F. (1288*^ C.) ; in the low-temperature prcx^cssos, it would 
be 1300'^ F. (704^ C.) and less. The difficiilty is to perform the carboniza- 
tion in reasonable time; tlic temperature is so low that the rate of its 
penetration is also low. Very thin layers of coal have been tried; also 
carbonization by i^assing in hot producer gas. For the pr(‘.sent, the low- 
temperaturc processes arc not of industrial importance in the United 
States.i'^' 

Ammonia Distillation. The ammonia still shown in Figures 95 and 
96 liberates ammonia gas in two distinct steps. The upi)cr j^art of the tall 
vessel, to the right, is a six-plate tower, each plate with caps and run- 
down pipes. The liquor to be distilled is fed in at the ton nlate; the 

The formulas of many of these compounds will be found in Chuptcra 27 niwl 28. 

“Les,^ns fronx low tornperaturct carbonization,” It. I*. Soule, Proc. Cm\f, Bituminmis 

Coal, 3rd Conf., Pittsburgh, Pa., 1, 272-208 <1931). 
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free ammonia is driven out by heat alone. By free ammonia is meant 
ammonium hydroxide, sulfide and carbonate. At the last plate, a liquor 
collects which has no free ammonia, but still contains fixed ammonia, 
that is, sulfate or chloride, which must be treated with lime in order 
to liberate the ammonia gas. This liquor runs through by-pass 2 {see 
Fig. 96) to the lower part of the taller vessel, where milk of lime is 
sent in. Liquor and lime mix thoroughly by the time they reach the 
overflow^ to the fixed leg, where they travel downward over plates with 


Figure 95. — Ammonia still with 
continuous operation. At the 
right, the lime leg surmounted 
by column for free ammonia 
distillation ; at left, the fixed 
log. See diagram in Figure 80. 
(Courtesy of the Ivoppers Con- 
struction Co., Pittsburgh, Pa.) 



caps and through the run-down j^ipes to the Avaste pipe 7. A strong 
flow of steam enters near the base of the fixed leg, driving out the 
ammonia completely; this latter passes upw^ard into the free still and 
w’ith the ammonia from that still passes through a dephlegmator to the 
saturators,, where ammonium sulfate is produced. * 

The same still may be used to produce ammonia aqua. For this 
purpose it is necessary to retain hydrogen sulfide and carbon dioxide; 
this is done by an additional caustic soda wash, in a short column with 
plates and bubble caps. The purified ammonia gas is absorbed in lead 
bottles. {See Fig. 97.) 
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In regular coke-oven i")racticc, the ammonia still recoivc's only a 
small part oi' the total ammonia in any form; the t)nlk of tlu‘ ammonia 
in the coal passes directly to the saturators while still in the. coke-oven 
gas, as stated under Anunonia ^Extraction. It is the increment in the 
ammonia liquor used as cooling spray which is sent to (ho still, together 
with the water layer from the condensate in secondary c‘oolers. 



PiGUKK 96. — Opoml-Lon of :iniinonia 
still with continuous opoi’alion; 
Ivotu>crs s.ysfccm. 1, liquor inlet 
into llic free slill; 2, lo 

the lime loj:? or mixing!; vessol, ro- 
ecivinj^ lime at 3 and steam at 4 ; 
the milky suspension overflows to 
the fixed leg, receiving steam i\t 
5; 6, ammonia va])ors outlet; 7, 
w'astc pipe to sewer. 



Kiuinuo V)7.— Ahsorplioii of ain™ 
inonia, in wa.t or, using load 
ahsoi’i ion l K>i.1h‘s; llu' rioh 
gas ontors through trap 1, 
buhhlos through 2, ihon 3, 
finally 4, and laassc's out , 
froe from aiiuuonia, at- a; 
tiio a.ino\uil. passing out. is 
very small, ''.rhe wa.tc'r from 
4: is run int.o 3, a,n(l this int.n 
2, whore it is brought. \ip to 
stnmgth. h'ach hott.h^ has a. 
lead cooling <‘.oil, not. shown. 


A certain amount of gas licpioi* will always liavo t.o ho. distilled because 
>small gas plants scrub their gas free from ammonia by water. The 
resulting liquor is usually concentrated by a preliminary distillation, and 
sold to a chemical linn, wlierc it is made into aqua or atiunonium sulfate. 
In order to make sulfate, the still just described would V>c emx>h)ycd to 
furnish the ammonia gas^ impure with hydrogen sulfide and carbonate, and 
this gas would be passed through a lead distributing pif^e into a sulfuric 
acid solution partly saturated with ammonia. The salt formed may be 
shoveled out by hand or may be removed by a steam ejector. The 
xmabsorbed gases are piped under a fireplace, so that only sulfur dioxide 
and carbon dioxide need be discharged into the atmosphere. 
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The reactions with lime are: 2]SrH4Cl -h Ca(OH)o == 2iSril3 -h CaCls 
+ 2 HoO; and (NII4) 0SO4 -f- Ca(OH)2 = 2NH:3 -h CaS04 -f- 2H2O. In 
the free still, they are: (^114)28 = 2]SrH3 + HoS; (NH4)2C03 -= 2NH3 
+ CO2 4 - HoO, and several others in small proportion. 

De-phenolizing Ammonia Waste. The chlorination of city water has 
led at times to a bad taste, traced to a phenol content in the water, 
originating in the waste from the by-product ammonia still in a city gas 


Figure 98. — Apparatus for depheno- 
lizing ammonia liquors in coal dis- 
tillation plants, by inert gas circu- 
lation (Koppers system). 1, phenol 
bearing liquor ; 2, phenol-free 

liquor; 3, fresh caustic solution; 
4, circulated iN’o. 2 caustic solu- 
tion; 5, circulated TNTo. 3 caustic 
isolution ; 6, inert gas laden with 

V^henol vapors; 7, sodium T>benol- 
ate solution outlet. 



plant or in any coke plant. The phenol is removed by taking the ammonia 
liquor at outlet 10 in the working sketch of the Xoppers still (Figure 96 ) , 
and sending it through a de-phenolizing s^’^stem such as shown in Figure 98 , 
wherein the phenol is removed in vapor form by an inert gas, which then 
is scrubbed by caustic. There is formed sodium phenolate, which is 
collected and removed to a storage tank; later the phenol is regenerated by 
treating with an acid. The phenol-free liquor returns by inlet 11 to the 
ammonia still, to receive the lime treatment. 

Towers in which finely divided liquid benzene rises through the 
ammonia water, dissolving any contained phenol, are also in use; four 
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\ini 3 acked towcrts arc used, and the benzene travels countcr-enrrent to the 
ammonia liqnor. 

Otilkr PaTK^sTS 

U. S. Patent l,8SS,46o, operation of by-product coke phiiil ; 1,891,129, coko 

extractor for vertical (West) c-arhonization retorts ; 1,841,036, ('iiriclu'd wat.<‘r ^*:as and 
high-^radc coke from cakinc; bituminous coal; 1,838.294, c<y\co. o^'c'n battc'ry (Bcarker); 
1,805,922, horizontal c^oko oven (Otto); 1,829.608 iiiid 1,787,490, vtuMical chanil^f'r coko 
oven; 1,787,963, cokinfz; retort oven; 1,832,181 and -2. ca)kin<z: r(4ort. ov('n ; 1,832,(512 
and -3, coko oven (Becker) ; 1,893,145, on distilliiif’* tar rc\sidue by <lir(M*t eon la <4, with 
hot gases at high teini^oratiiro ; 1,888,235-6, passing hot c-ove-ovcai gas throTigh suc- 
cessive sx:)rays of coal tar immediately after gas loavt'S the ov<'n ; 1,844,892, 1,862,494, 
1,868,394-5, 1,871,550, on using by-product recovery svst<'m of cokc'-ovi'iis to recover 
clean tar oils; 1,871,596, continuous distillation by bringing tar int.o indir<'e.t (a)unter- 
current heat exchange relation with hot coke-oven gases. 

Proulktvts 

1. A by-i)roduct coke plant <lis|)oses of 3200 gallons of inotoi- sj^irits per day, 
which is also the daily i^roduction. Using the yield figures in IIk' tt'xt, how much 
coal was distilled? 

2. For the production of 315 tons of aiiiinoniuin sidfate, how many (.oris of c*oal 
are coked, if the yield figures in the text at^idy? 

3. In a Woodall-Duckham vertical retort, a coal is gasine<l which contains on 
analysis 19 per cent of comb\istiblo volatiles. Kacli ton of c*.oa.l furnishes 13,350 
cu. ft. of clean gas, ready for the holder. Plow much gas is du<* to th<'. s(.<‘am-on- 
coke reaction? (For water gas relations, ,xec next chapter.) The gas from the 
coal proper occux:)ies 20 cu, ft. per imund of weight. 

PlE.vnnsf c: PlioFERKisrcES 

‘'Coal carbonization,” Ploracc C. Porter, New York, Chemical Ca,ta.Ie>g (k)., Inc., 
1924 . 

"Coal carbonization,” J. Poberts, Uondon and New York, Sir Isaac*. Pitman and 
Sons, 1927- 

"Coal and its scientific uses,” William A. Bono, T^ondon and N(‘w "V'ork, Bong- 
mans, Green and Co., 1918 . 

"Modern coking practice,” J. F. Christopher, New York, D. Van Ndstrand Co., 
1921 . 

"Ijow-tcmiierature carboniza.tion,” IDavid Brownlie, I?i(L Eng. CJuni,, 19, 39 

(1927), and preceding eight articles. 

"Low temperature carbonization of coal,” S. W. Parr, In<L Eng. (Uu m., 21, 164 
(1929). 

"The technology of low temp)eraturo cai-bonisation,” P^'rank M. (h'litrry, Balti- 
more, Williams and Wilkins Co., 1928 . 

"Low temperature caibonization,” C. li. Lan<ku- a.nd R. F. Mc.Ka,y, Ncuv York, 
B. Van Nostrand Co., 1924 . 

"Methods, ax^paratus used in det.errnining the gas, (toko, and by-x>r()du(4. iua.king 
properties of Aniorican coals,” A. C. P'ioldnc'r, J. C. Ila,vis, R. ^diic^ssen, K. B. K(\sl.er 
and W. A. Selvig, JBxtr. Mino^ Bull. No. 344, 1931. This bulletin c*cm tains 18 micro- 
graphs of thin sections of coal, showing microsi^ores a,nd inacrosvJores. 

"Improvement of design of coal-carbonizing equii)tnent,” Horaces C. .P<.>ri,er, Ind. 
Eng. Chain,, 24, 1363 (1932). 

"Present day knowledge of coal,” Harry A. Curtis, J. Soc. Cham,. Ind,, 51, 350 
(1932). 

"Coal tar distillation and working up the tar products,” Arthur R. Warner, Now 
York, D. Van Nostrand Co., and London, John Allan and Co., Ltd., 1914. 

"The constituents of coal tar,” P. E. Spielman, New York and London. Long- 
mans, Green and Co, 1924. 

"The higher coal tar hydrocarbons,” A. E. Everest, London and New York, 
Longmans, Green and Co., 1927. 

"The distillation of coal tar,” John M. Weiss, J. Soc, Chem. Ind,, 51, 219 (1932). 
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*‘A sulfate of ammonia plant,” F. A. Ernst and W. L. Edwards, Imxd. Eng. Chem., 
19, 768 (1927). 

“'Plienol recovery and treatment works of the Hamilton Coke and Iron Com- 
pany,” B. F. Hatch, Ind. Eng. Chein., 21, 431 (1929). 

“Elimination and recovery of phenol from coke plant ammonia liquors,” H- M. 
Crawford, p. 966, and from crude ammonia liquors, p. 168, Ind. Eng. Chem., 19, 
(1927). 

“A text-book of American gas practice,” Vol. I — Production of manufactured 
gas,” Jerome J. Morgan, Maplewood, IST. J., Jerome J. Morgan, 1931. 

Glund’s “International Handbook of the By-Product Coke Industry,” American 
edition by ID. L. Jacobson, ISTew York, Chemical Catalog Co., Inc., 1932. 

“Electrical removal of gum-forming constituents from manufactured gas,” W . L- 
Shively and E. V. Harlow, Tran.<t. Electrochem. Sac., 69, 495 (1936). 

“Underground gasification of coals” (Podzemgas), P. A. Chekin, A. I. Semenoff 
and J. S. Galinker, Tra^i.^. Chem. Eng. Congress, World Power Conjerence, London 
(1936), vol. Ill, paper E 12. 

“The recovery of benzole by active carbon,” H. Hollings and S. Hay, J . Soc. 
Chem. Ind., 53, 143 (1934). 



Fuel i'n the jorni of gas under slight yressure offers many advan- 
tages; its distribxition costs little^ once the pipes are laid: it is ashless, 
S7nokelesSy and its application requires very svtmple devices. The use of 
comhustible gas in 7mm.icvpalitics is increasuig ^ in s])itc. of the 
electmeal heating devices. In the industries , gas is largely em/ployed as 
a fuel. 


Chapter 15 

Combustible and Illuminating Gas, Water Gas, 
Producer Gas and Natural Gas 

The typical coiiibiistiblc gashes which are iiiaiiuracLLircid iirt‘ <*oal gas, 
coke-oven gas, water gas, producer giis, and oil gas; natural gas is 
obtained from the earth. 

Coal gas and coke-oven gas are very siinihir ; both iire made by tlie 
distillation of bituniiiious coal. 13y coal gas is nit'ant the gas made in 
the smaller retorts, eitlier horizontal or vei-tical, in \vhic‘h (‘oiil is distilled 
X^rimarily for the gas it yields; coke-oven gas is made in cokc' ()\'c‘iis, 
with coke and gas both primai-y products. Coal gas is high in illumiiiants 
(benzene, ethylene) ; in former years, it was still higher, for [\\v. oi-iginal 
horizontal retorts had a vapor space over the coal which was (‘xposed to 
the same high heat as the coal itself, and in this aptxcc neai’ly all the 1 al- 
and oil was ^T.racked,'' ijroducing mainly illuniinants. Siii(*.e the intro- 
duction of the vertical i-etorts, filled over the whole c*.rc>ss-s(,‘ction with 
coal, less cracking takes place, and c^oal gas resembles mort‘ eiosedy tlie 
gas from coke ovens, in which sucli cracking is also i-estricted. 

Water gas is an entirely different xirodiiet ; it is made l)y passing 
steam through a bed of incandescent cokc' or other fuel; exec‘pt for 
unimportant imjDurities it consists of hydrogen and carbon monoxide. 

The manufacture of producer gas on the other hand is a continuous 
process; it is made by joassing a mixture of steam and air into a bed of 
burning coke, anthracite, non-coking low-volatile coal, lignite, or peat. 
The resulting gas contains hydrogen and carbon nioncjxide as valuable 
constituents; nearly half of it is nitrogen, so that its heating value is low. 
Producer gas is used, after careful cleaning, in gas engines (internal 
combustion). Mond gas is producer gas made at low tein[)ei‘ature so 
that the ammonia in the coal may be conserved and later recovered. 
Blast-furnace gas ^ is also a form of producer gas. 

Oil gas is made by “cracking’’ - suitable fractions of petroleum, in 
districts poor in coal and lignite, but rich in oil ; it is rich in illuminants 
and has a high heating value. 

ISTatural gas is obtained from the soil, chiefly by means of deep wells; 
the gas may issue from the well under pressure, or pumping may be 
required. It varies in composition, frequently containing a high percent- 

1 Chapter 47. 

® Com^pare the cracking of oil for gasoline. Chapter 24. 
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age of methane^ and just as frequently, non-combustible impurities; in 
general, its heating value is very high. 

There are many combinations of two or more of these typical com- 
bustible gases; the most frequent probably is that of oil gas and water 
gas, produced by enriching straight water gas by carburetted oil. In 
3uffalo at the present time the city gas consists of a mixture of coke- 
retort gas, coke-oven gas, ^vater gas enriched by oil (hence containing 
oil gas) and natural gas. 

The composition of several typical combustible gases is exliibited 
in Table 28; the constituents are listed in the order in which thev are 
determined in the analysis; the figures arc percentages by volume. 


Table 28. 

— Comjyositiom oj 

Ty'pical Coynhustihle 

Gases. 



straight 

Straight 

Water gas 




coke-oven 

water 

enriched 

Pr( »dur*er 

Natural- 


gas 

gas 

by oil* 

gas 

gas 

Carbon dioxide CO- . . 
Benzene Celle 

1.8 

9 

3.7 

4.25 

5.2 


Ethylene C 2 H .1 

or other illuminants 

2.3 


10-33 

1-6 


Oxyj 2 :en O 2 

8 

.5 

.71 ‘ 

.2 


Carbon monoxide CO 


42.3 

31.60 

26.3 


Hydrogen II 2 

49.2 

47.9 

35.38 

14.4 


Methane CH 4 

30.3 

.6 

12.40 

1.8 

90.6 

Ethane CoH#, 

- - - . - ... 




S.S 

NTitrogen ISTs 

9.2 

3.4 

5.33 

5l‘.i 

1.2 

Total combnfltiblc'<: . . . 

88 -2 

90.8 

89 .71 

43.5 

98.8 

Btu. per cu. foot 

555 

299 

574 

155.6 

1110 


* 3.10 gallons of fuel oil per 1000 cubic feet of gas for enrichment. 

As to natural gas, other analvses 'will be found elsewhere in the book; it should be remciii- 
bored that some natural gases contain sulfur, some contain nitrogen in sizeable ainounls, others 
helium, still others contain unsaturated li 3 xlroc.arbons- For the anal\*sis of a wood gas, .see chap- 
ter 16. 


An inspection of this table will shoiv that the heat values of coke- 
oven gas and straight water gas differ markedly, yet their percentage 
of combustibles is about the same. The reason is that the component 
compounds have different heats of combustion; hydrogen evolves 329 
3tu. per cubic foot, measured at 62° F. and 1 atmosphere; carbon 
monoxide 322, methane 1003, ethane 1755. It is possible to compute 
the heat value of a mixed gas from the known values of the heats of 
combustion of the component gases; thus for the coke-oven gas listed in 
the table, the calculated heat value is 556 Btu./^ w’hile the observed value 
was 555. It may be noted also the producer gas has the lowest heat 
value; the same high temperatures which other gases furnish are never- 
theless obtained with producer gas by preheating it in regenerators; the 
need of heating a vast volume of inert gases by the combustion itself is 
thus largely avoided. 

* A part of this gas is distributed to townships near Buffalo, for direct consumption; it is 
therefore made slightly better than the New York State standard, 537 Btu. ; there is no candle 
power standard in New York State. Another part of this gas is mixed with natural gas and 
water gas, for distribution in the city of Buffalo; for this purpose it could Be lower, since natural 
gas raises its heat value. 



26S 


IJVJyUSTR TAL CIIEM I STB Y 


The manufacture of coal gas and of coke-oven gas has been described 
in the preceding chapter. 

Watkr Gas ^ 

AVatcr gas is made by passing steam into a bed of incandescent coke; 
the temperature of such a fire is 1400° G. (2552° F.). Between the tem- 
peratures of 1400° and 1000° C. (1832° F.) , the reaction HoO -j- C = 
CO -f- Ho takes place. As it proceeds, there is a fall in the temiDoraturc 
of the fire; the incoming steam must be heated. The reaction itself is 
endothermic, and heat is lost by radiation. With coke at a temperature 
below 1000° C., the steam reacts to form carbon dioxide, which is not 
desired, for carbon dioxide has no calorific value. 

2Hi.O -h C == CO:, + 211:,. 

Hence the steam is stopped before the low temperature is i*caclicd, and 
the fire is brought back to its normal high temperature, 1400° C., l)y 
an air blast. Coke is consumed during the blast period, so that it could 
not be expected that all of it would be represented by carbon monoxide. 
Usually, between 50 and 60 per cent is transformed into the lower oxide; 
the rest burns to carbon dioxide which escapes through a stack. There 
alw'ays are a few colder spots present, so that the second reaction takes 
place to some extent. 

For many purposes, water gas is used as such; for sale in munici- 
palities, it is usually enriched with oil gas, produced in a separate vessel 
forming part of the system. The gas-making period lasts 4 minutes; 
the air-blast or revivifying period, 2 minutes; the complete cycle is 
therefore 6 minutes. In order to fully iise the hottest coke, the steam 
period is divided in two, and the steam sent in fron:i below for one half, 
from above during the other half. Simultaneously with the change of 
direction of the steam, one of two gas valves open, so tliat the gas 
formed is led off in either case throxigh a wide flue to the oil-gas vessel. 
After the steam has been on 3 minutes, the apparatus is 1 

minute, and then only is the air blast turned on. The oi>erations and 
their duration are then: minutes for ‘hii)-steam,'^ 1 -i minutes for 

'^down-steam”, 1 minute for purge, and 2 minutes for air blast. 

The complete generating apparatus consists of 3 vessels; the gen- 
erator, the carburator, and the sui:)crhcater. All arc steel vessels, cylin- 
drical, of somewhat differing heights and diameters, as indicated in the 
accompanying figure (Fig. 99) ; the generator is 10 feet in diameter and 
15 feet high. The coke fire is in the generator; the coke charge is 
shoveled in through an opening in its top, level with the working floor. 
The steam for the up-blow enters below the fire through a perforated 
circular distributor; the gas made passes put through the upper valve in 
the 42-inch flue to the carburator. For the down-blow, the steam enters 
above, and the gas passes out through the lower valve which lies in the 

* Also called blue gas, Decause it Durns witJti a blue tlame. 
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same vertical plane as the upper; a flue leads the gas to the upper hori- 
zontal flue, so that this gas enters the carburator in the same place as 
the up-blow gas. The valves are slot valves, and being exactly in one 
plane, are operated by one rod; the three-way steam cock is connected 
with levers to this rod, so that a single motion (small compressed air 
cylinder) makes all the changes simultaneously. The generator and 
flues are brick-lined. 

The carburator is fllled with a eheckerwork of bricks; during the 
air blast, the products of combustion stream through and raise its heat. 
Daring the steam period, the made gas. at high heat itself, enters near 



Figure 99. — Cross-section through a water-gas plant. 1, generator; 2,. carburator; 
3, superheater ; 4, steam inlet set for <iown-b>low ; the path of the gases is shown 
by arrow’s; valve 5 being closed, they pass through water box 6 to conduit 7 
which leads to the purifying apparatus. 8 is the inlet for the blast during the 
revivifying period. 

the top and passes downward, while an atomizer delivers oil at the top 
of the carburator. The current of gas carries the mist of oil against 
the hot eheckerwork; the greater part is reduced to molecular fragments 
which at normal temperature form gases ; at the same time, a certain 
amount of tar is produced. From the base of the carburator the gases 
pass to the superheater, in which they stream upw’ard, to be delivered 
to the flue leading to the purifying apparatus. The superheater is also 
filled with bricks, and provides space and heat to carry the oil-cracking 
and the thorough mixing of the gases as far as possible. The path of 
the gases is indicated in the general illustration. 

The three minutes of steam blow are followed by one minute of 
purge, during which steam enters at the top of the carburator and sweeps 
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out the good gas which remains in the carburator and in the superlioater. 
At the end of four minutes^ the blast is turned on, to bring the fire back 
to incandescence; the products of combustion, after passing through 
generator and superheater, escape through a stack just above the latter, 
through a valve in the flue leading to the purifying apparatus. Each 
time the valve opens, the waste gas catches lire with an exph^sion-like 
noise. Safety of operation is insured by interlocking devices, which 
permit the opening and closing of the several A^alves only in tlu^ proper 
order. 

For the generator of the dimemsions given, coke of the c‘gg size is 
introduced in 820-pound Lots; the production is about at thci rat(‘ of 
1000 cubic feet of straiglit water gas to each 40 pounds of coke consumed 
(total). To enrich this gas, varying amounts of fuel oil or sia.‘eial 
gas-oil fraction are used, for instance 3J gallons per 1000 cubic lec't of 
water gas; in the set described, this would ixup-iirc 20 gallons per <*.yele. 
The temi^erature in the carburator lies between 1200 and l^OO'-' F. 
and 704*^ C.), and is measured by means of i>y romeiers-*'* 

In an oil-gas plant, a generator iuid supt^rlu^ab/r are used, ami tlie 
heat is furnished by an oil burner; otherwisci the operation is similar to 
the one just described. 

The Purification of Carburetted Water Gas. The flue leading 
away from the superheater dips in the water of the wasli-box, where 
the small amount of tar is deposited; the gas then passes to the cooler, 
a nest of joipes laid in running water. From here it is pidled by ex- 
hausters and pushed into the purifying boxes contiiining the sauic^ 
lime-iron oxide coated shavings which are used for coke-ov(ui gas.*^ 
From the purifying boxes, the gas passes to the holders, ready for de- 
livery. Aletering and testing are perfoi-nied by the continuous, recording 
Thomas meter and Thomas calorimeter already described (Chapter 14). 

A water-gas plaiit is compact; it may be started at short noti<*e, and 
when shut down for a given period is readily maintained in good condi- 
tion. When part of a system supplying municipalities, it is usually shut 
down in the summer months, when the demand is light enough to l>e 
supplied hy coke-oven gas or coal gas; it is placexl in c)j>eration in the 
winter months. 

PnoDrTCKR Gas 

The modern producer is a steel vessel of moderate size, as for example 
10 feet in diameter and 12 feet in height, brick lined, in which any 
low-grade fuel may be partly burned, while steam in addition to air is 
sent into the fire. The operation is continuous; the fuel (for instance, 
low-grade coal) is dropped into the producer at a constant rate. A 
mixture of air and steam is served all the time. The 'made gas passes 
out continuously, and the ashes are removed constantly by a sweeper in 

® Chapter 46. 

® ITor “liQuid purification” see previous chapter. 
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tlic water seal at the base. Such a producer is shown in Figure 100; it 
carries a water-cooled, rotating arm whicli levels the charge and iire- 
vents the formation of holes. The shell is stationary. The reactions are 
essentially the same as those which take ijlace in a water-gas plant, but in 
producer gas, there is contained all the nitrogen entering with the air for 
combustion, hence its total combustible constituents are low, and its heat 
value per unit, volume also. INTumorous forms of producers are on the 
market ; in some of these, the shell rotates. 


Figure 100. — "rhe Chapman. Gas 
Producer with stationary 
shell. (Court e s y of the 
C o op e r- K esse ii i er C or p ora- 
tiori, Mt. Vei-non, Ohio.) 


The capacity of a producer 10 feet in diameter and 12 feet high with 
automatic operation, is 3000 to 4000 pounds of coal per hour. Tho air- 
steam mixture is forced in by means of the steam which is ai)plied to an 
air injector (see illustration) ; the com|:»osition of this mixture is approx- 
imately 7 volumes air and 1 of steam. The amount -of steam used per 
pound of coal gasified lies between 0.3 and 0.5 pound, sometimes a little 
lower, 0.25; the amount depends upon the clink ering properties of the coal 
used. The volume of gas varies with the grade of coal. The following 
figures wall serve as guides; 1 pound of bituminous coal yields 60 cubic feet ; 
semi-bituminous, 30 cubic feet, and lignite, 28 cubic feet. 

ISTatural Gas 

iSTatural gas is found in regions which also have coal or oil, although 
the wells may^ be many miles away. Many gas wells do not yield oil, 
but an oil -well almost always produces gas and oil ; the gas is then knowm 
as casinghead gas. The gas from wells which yield no oil is usually rich 
in. methane and contains some ethane and higher hydrocarbons; its 
composition remains fairly steady over long periods. The gas obtained 
with oil (petroleum) is at first methane essentially, but gradually becomes 
richer in the higher hydrocarbons, and poorer in methane; such gas when 
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"Svef' furnishes a very volatile gasoline, casinghead gasoline^ which is 
largely used to mix with "^cracked gasoline” deficient in low-boiling 
constituents. The methods for extracting gasoline from such gas arc com- 
pression and cooling methods and absorption by a liighcr-boiling oil 
fraction, by charcoal, silica gel, or other absorbent. The value of gasoline 
extracted from natural gas in 1929 was $158,000,000, in 1935 $54,200,000. 
The production of gasoline from wet natural gas, for the leading states, 
expressed in millions of gallons, w’as in 1935 as follows: California, 527; 
Texas, 504; Oklahoma, 379; Louisiana, 49; West Virginia, 44; Kansas, 32. 

The residual gas after gasoline removal is used as fuel, as is gas from 
wells'*' yielding no gasoline; but appreciable amounts are burned with an 
insufficient amount of air for the production of carbon black, or decom- 
posed by heat to form carbon and hydrogen. The development of the 
natural gas trunk pipe lines has brought about a distributit:)n of this gas 
which makes it a rival of manufactured gas; as stated before, it is often 
admixed with coke-oven gas for domestic use. There is a gas trunk line 
from Amarillo, Texas, to Chicago; another to Indianapolis; in the South 
and Southeast, a line runs from Shreveport, Louisiana, to Atlanta, C Georgia. 
There are many shorter lines; in 1935 the gas i^ipe lines totaled over 
65,000 miles. Ko gas pipe lines cross the Rocky Mountains. 

The production of natural gas for 1935 (U. S.) was 1,910.0 billii)ns cubic 
feet, while in 1929 it was 1,917 billions cubic feet.. 

In the year 1935, the i)roduction of natural gas expiessc'd in billions of 
cubic. feet for the several states was: Texas 042, Califoi'iiia 284, Okla- 
homa 275, Louisiana 249, West Virginia 115, Pennsylvania 94, and oth- 
ers less. 

The average value of natural gas at the well and unprocessed was 
5.8 cents per 1,000 cubic feet in 1935; the residual gas after washing out 
the gasoline values brings 1 or 2 cents per 1,000 cubic feet. The total 
number of producing gas wells in 1935 in the United States was 53,790; 
and of these, 1,401 were drilled and brought in dxiring the year. 

Not only in gas form, but in the liquid states is there a large move- 
ment of hydrocarbons, of petroleum as well as natural gaKS origin. In 
1935, there w^ere marketed 34.6 million gallons propane, 34.1 million gal- 
lons butane, 5.6 million gallons propane-butane mixture, 2.4 million gal- 
lons pentane. These liquefied hydrocarbons are shipped in tank cars 
and tank wagons, in cylinders and drums, and by pipe line. The indus- 
trial uses account for 62.3 per cent of the deliveries, domestic (household 
gas) uses for 27.8, and the rest finds use in the manufactxire (or enrich- 
ment) of city combustible gas. Some of the industrial uses are given in 
chapter 24. 

Pintsch gas is a comjjressed oil gas. Blau gas is a mixture of pro- 
pane, butane, pentane, and hexane containing hydrogen and methane in 
solution under pressure. The solution is handled in strong steel cylin- 


^ '' The gas for the chemical laboratory of the University of Buffalo, within the city limits, 
IS furnished by a gas well just outside the building ; it is 900 feet deep ; the pressure at the well 
is 200 pounds per square inch. The well has furnished gas under the same pressure for many years 
past. The amount of gas drawn is modecrate. ' 
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ders. Acetylene is presented in Chapter 19. For isolated laboratories 
a satisfactory burning gas is obtainable by bubbling air through a low- 
boiling gasoline; the operation is automatic, a reduction in pressure of 
the gas causing a water valve to open, whose flow rotates a water turbine 
which carries the fan. Another convenient gas for isolated laboratories 
is “Pyrofax,” which is propane, CsHs (boiling point — 42.5° C.) com- 
pressed in steel cylinders which are transportable. 


Surface CoM:BusTio:sr 

Surface combustion is flameless combustion; it takes place when gas 
with the theoretical amount of air strikes lumps of refractory materials 
w’hich are at high heat; this material glows, and high temperatures are 
obtained. Instead of lumps, a slab or a brick wall may be used. The 
advantages of this method of combustion arc that the combustion is 
accelerated, that the energy appears largely as radiant encrg*y which 
is rapidly transmitted, and that the source of this energy is concentrated. 
Furnaces have been heated by this method, but of special interest is the 
operation of a boiler ^ with fire tubes w'hich were filled with refractory 
fragments on which the combustion took place. The boiler was 4 feet 
long, 10 feet in diameter, and without brick setting; the generation of 
heat took place within the 4-foot fire tubes. This unusual method of 
heating promises important economies. 

Surface combustion is a catalytic process; the combination of gas 
and oxygen is accelerated by the contact substance, here fragments of 
fire-bricks. It may be apx:)lied w^ith water gas, coke-oven gas, natural 
gas; whether producer gas may be used is not quite settled. 

Other Pate^^tts 

U. S. Patent 1,880,010, contiiiuo\is generation of water gas by use of pulverized 
fuel and steam ; 1,855,309, water-gas generator and process for making combustible 
gas; 1,833,964, process for making water-gas of a high Ptu.; 1,829,767, 1,828,461, 
1,788,400, and 1,827,169, processes for making carbnretted water gas; 1,814,580, 
process for making producer gas; 2,029,317, gas making apparatus, process for cata- 
lytic conversion of hydrocarbon fluids into fuel gas by reacting a hydrocarbon with 
steam in the presence of a catalyst at high temperature. 

Problems 

1. The comi:>osition of the several commercial combustible gases in the text are 
volume percentages. The heat of combustion for the several constituents in pure 
form is as follows: Ethylene, 1591 Ptu. per cubic foot; carbon monoxide, 322; 
hydrogen, 329; methane, 1003; ethane, 1755; benzene, 4004 (for low percentages 
only) ; disregard the non-combustible gases. Compute on the basis of the per- 
centage composition and the heat value for the substance, the heat value or heat 
of combustion for the several mixed gases given in the table ; compare with the 
Btu. value reported there. There should be close agreement. These figures are all 
in terms of the '"high Btu.^^ results. (Figures from Marks’ "Engineering Hand- 
book,” ISTew' York, McOraw-Hill Book Co.) 

2. Find the corresponding volumes of typical combustible gases which must be 


® “Coal and its scientific uses,*' William A. Bone, who developed this boiler. Eondoii and 
New York, Longmans, Green and Co., 1918, p. 445, or JProc. Jim. Gas Institute^ 6 , 565 (1911). 



274 


fiYI)L/STR lAJL CflEM ISTR 1 


biiTiiod 1.0 111, Pro! 1, C 12, in cubic* foot At, 02° F. und u 1 nios] >hoi'if; 

prctfsiiro. 

3- It is iio(r('ss:iry to furiiish 50,000 ou. ft. of prochictu- ^'iis pcu* lioiir to ;i biriiMC'c. 
XTsinp; lliti yi(dd tifijurc's ^ivc‘ii in the Ic'xt, how miiny pounds of biluniinous coal 
scnii-bitiiuiinoiis, and lijj;nil.o will be rtaiiiircal per day? 

It UADI JX < ; ItKKKKK N < TKS 

"'Ooal and its scieiititic iisc's,’’ William A. bone, bondon and N('w York, bond- 
mans, Clrec'ii and Ck)., 1918. 

“OoaJ carbonization,'' Horace O. Port.cu*, JSJew York, Olnanical Oatalo^^ C Inc.. 
1924. 

“The recovery of gasoline from natairal j^as,” Gocn-^o A. Purred 1, .Nc‘w York, 
Chemical Catalog' Go., Inc., 1925. 

“'Manufactairin^ ]dant cjf t,ho Provielcmco Gas Company,” Clu yn. d/e/. JCur/., 21 
34, 88 (1919). 

'‘Alodern ft'asworks yn'actice,'” Alwynne MolicIo, .Frnest, Bt'im, I^td., bondon, 1921. 
‘^N’atural fi;as handbook,” J. C. J.Iic'hl, American Meter C.k^., h)ri(’. Pa., 1927. 
"‘Handbook of casinji;head ^»;as,” 1:1. 1^. Wcstcott, Anuu’ica.n Aleder Ck)., I^kdt', l^a. 
“I^onp; distance t rarisporla t ion of na.lairal jias,” Kd^:ar (b Hill and Cl('or?j:(? I. 
Rln^dcs, Tran.^. /n-o/. Chc.iyn. Kikj., 25, 58 (1930). 

“Xew v)roc(^sses Liid in manufacturing cl(;an sns,” L). b. Jacrobson, CUu ni. Mvt, 
Riuj., 36, 58 (1929), includc's a description of a wat.(‘rlc‘.<s lioldcn*. 

A imp.) sliowinjj; the natural i 2 ;as trunk piv)o lim^s in. tlie Hnit.ed S(at(*s may }>e 
oV)tained at, a nominal price from the ( )il and Gas Journal, Tulsa, ()kla. 

‘"Xatural J 2 ;a.s, its ])roduc1ion and distribul ion G. It. irt)pkins, /rtr/. ICmj. fZ/ie//?,., 
22, 502 (1930), with a, iuaj> of I ho princii)al natural p;a,s line's. 

‘Tndustrial ji;ases,” It. C. Crcm\wood, I^ondon, HalUcn'i', Tyndall, and C''a>x, 1920. 
“Gas calorimetry,” C. G. Hyde, bon<lon, Krnest lienn, Jd.(L, 1932. 

“The hydro| 2 :ena,tion-cra.c.kinp; of creosote for motor find,” Ck A1 . C'awl('>', C. C. 
Hall, J. G. King, J. Soc.. Chuin. Ind., 54, 58T (1935). 

“A thermal stiidv of the process of manufacture of watc'r gas,” A. Parki'r, Soc. 
Chem. Ind., 46, 72T (1927). 



The store of coal m the earth 'ivas formed 7nany thousands of years 
ago; u:)hen it is exhausted, man 'will not he able to replace it. It is differ- 
ent from XDOod, which can be groivn within a feiv years: the scientific 
exploitation of the forest resources provides for replanting so that new 
%Dood grows at about the same rate as older wood is cut. To put the dif- 
ference in another ivay: zising coal means the exhaustion of capital; using 
wood means drawizig on earnings only. 


Chapter 16 

The Distillation of Hardwood for Charcoal and 
By-Products; the Hydrolysis of Wood 

The distillation of hardwood for charcoal, with the recovery of the 
volatile by-products, pyroligneous acid and wood-tar, has taken the iilace 
of the old of making charcoal by the slow burning of a pile of 

wood covered with earth. The by-product retorts bear the same relation 
to the charcoal mounds which the by-product coke ovens bear to the 
beehive coke ovens. On refining the pyroligneous acid there are obtained 
methyl alcohol or methanol CH^OH, acetone CH;? . CO . CHm, acetic acid 
CH;i . COOH, and a number of less important substanc*es. The tar yields 
guaiacol CH;:sO . C0H4 . OPI(l,2), solvent oil, and iiiteli. From the a.(*etic 
acid, acetic anhydride or acetone may be made. The products are all of 
importance in chemical technologyr^ Alethanol is a good solvent for 
shellac, other gums, and resins; it is a denaturant, and the raw material 
for the manufacture of formaldehyde. Acetic acid and acetic anhydride 
play a major role in the manufacture of acetate silk. 

Until a few” years ago, this industry seemed securely established; since 
then, three newer develoiDinents have threatened it. Acetone is made by 
a fermentation process, and by a synthetic process. Alethanol is produced 
in large quantities by synthetic means. Acetic acid is manufactured from 
acetylene. All these processes are described in detail elsewhere in the 
book. It seems likely that the hardw'ood distillation industry wdli continue 
nevertheless, thanks to domestic and industrial demands for charcoal, and 
to improvements in the recovery of tlyo by-products. 

The industry is of importance in the states of Pennsylvania, iSew 
York, Michigan, and Tennessee; charcoal is made in Sweden and ]Sror- 
way, mainly without by-x^roduct recovery. Canada has hardwood distill- 
ing plants in the provinces of Ontario and Quebec. 

Retort with Steel Buggies. In the older x)ractice, 2 cords of air- 
dried wood (beech, maple, oak, hickory) cut in 4 -foot lengths, are piled 
on a steel buggy ; four buggies are pushed into a retort, 55 feet long, 
which they just fill. The retort is made of steel, wdth an outer brick shape 
which leaves a space around the sides and top in wkich the fire gases circu- 
late. The doors are closed, and heat applied by burning natural gas or 
oil. Two openings in the rear wall allow the volatile products to pass out. 

275 
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The cycle is 24 hours; during the first, few hours, the heating is rapid, 
in order to reach the distillation temperature ; water comes over first. An 
exothermic reaction takes place next, wlien the outside heat must be 
decreased; the valuable vapors begin to pass out. After about 10 hours, 
the flames in the burners are raised again, but not as high as at first. 
After 22 hours, the distillation is over; all burners are turned off, and 
the retort is allowed to cool for 2 hours. 



Figure 101. — Oioenitint^ floor of the I'etort dex^iirtnient. The toi.> of the Stafford 
retorts (3) are flush with the floor; around each ret. or t, foui- condensers are 
grouped. P]uch retort has a feed pipe terininatiiig in a inoLor-di-ivoii barred valve. 
The pipe with the offset loading out of each retort is for Ihc' firc^-gasos diiring 
l>reheating period. (Courtesy of the Ford Motor Conix^any, Ilearborn, Mich.) 

The buggies are placed in air-tight cooling chambers for two days, 
with a quenching spray of water after the first day. The charge shrinks 
considerably during the distillation, but the charcoal is obtained in the 
form of rather large pieces, and very little dust. 

A cord of seasoned w^ood weighs about 3000 lbs.; the charcoal pro- 
duced is about 1000 lbs., and the amount of permanent gas 7000 to 9000 
cubic feet.^ 

Retorts with. Continuous Operation. The wood-distillation plant of 
the Ford Motor Company is a departure from the old practice not only 

talkie will be found on p. 10 of Distillation of bard woods in Canada/' by Bates: aee under 
reading references. 
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in the acetic recovery method, but also in the retorts for the distillation. 
These operate continuously, and still another difference is that the heat 
comes entirely from the exothermic reaction with which all wood distillers 
are familiar; a newly cleaned retort must be brought to the proper tem- 
perature by burning wood gas, but once the necessary temperature, 540"^ C. 
(1004^^ F.) y has been reached, no external heat is needed. 

The plant was erected in order to utilize the scrap vrood from the 
automobile body plant; it was desired not to make acetic acid, but ethyl 
acetate, which the Company requires in its lacquer and artificial leather 
departments. (See Fig. 101.) 


Floiv Sheet for the Ford Coni'imious Wood DisHllaHon Riant, Iron Hountain, Mich. 

Hogged scrap wood Rotary wood driers 

(4 to 10% moisture) ^ ' 10 feet by 100 feet long 


Stafford retorts 
10 feet by 40 feet 


4" 

Wood gas 


Pyroligneous acid 
Primary still 


Xar 


Acid distillate 
Continuous still 


Overhead 
95% methanol 
refined further 


Tar 


Oil 

Sr 

Creosote 


>ir 

Pitch 


s- 

Base 

15% acetic 
acid 

Sr 

Ethyl acetate 
plant 


Charcoal 

Sr 

Coolers 

Sr 

Conditioner 

Screens and 
briquetting 
machine 


The operation may be described as follows:- The scrap wood is reduced 
to small size (up to 8 inches by 2 inches by ^ inch) in a hog mill, passed 
through a drier reducing moisture to 0.5^, and fed through barrel valves ^ 
at the top of the Badger-Stafford retorts. These are vertical cylinders of 
steel, 10 feet wide by 40 feet high, with a heat-insulating inside wall 18 
inches thick, composed of fire-brick, diatomaceous earth, and insulating 
brick. The heat developed by the exothermic reaction near the center of 
the retort rises with the vapors and gases developed, and warms the incom- 
ing charge until.it reaches the reaction temperature and itself distills. 
The average temperature in the center of the retort is 515*^ C. (950° F.) 
and near the bottom, 255° G. (490° F.) . The carbonized material is dis- 
charged at the bottom through a barrel valve (Fig. 102) . The charcoal 
drops into a cooler 6 feet in diameter and 30 feet long, cooled by water 


2 From a description kindly furnished by the Ford Motor Company. 

3 A barrel valve may be said to consist of two barrels, one fitting inside the other, and the 
inner one free to rotate by turning its axis ; the inner barrel has two staves missing,^ so that the 
charge falls inside of it. By turning, the charge is dmnped, while the vessel at the same time is sealed. 



278 


INDlhSTlx^IAL an EM J ST R Y 


coils and a trickle of water on the outside. It passes, next to tlic rotary 
conditioner, where it absorbs oxyp;en ; the heat of absor]hion is dissipated 
by cooling water over tlie outer walls. It is now ready ft)!* screening and 
briquetting. It takes 5 hours for the conditioning, instead of 48 hours 
in the standard buggy coolers. 

The gases and vapors passing out of the retort are cooled, the (condensed 
pyroligneous acid is stored, the gUvS is scrubbed and blown to the power 
house and burned under boilers, except the part which is used to ])riiig a 
fresh retort up to the proper temperature. 



Figukk 102. — First floor of retort dcpai'tmont, showing the bottom and diartroal dts- 
cliarge ond of the Stafford retort. The bars for shaking the grates arc visil)lo in 
upper center. The inotov-diivon hai’rel valve convoys the charcoal t.o the cooler, 
which extends Ijeyond the Avail lo the left. The head of the second cooler is 
visible. (Courtesy of Ihe Ford Motor Conipan^^, l>ea,rljorn, Mich.) 

After operating two weeks, a retort must be taken off tlie line, and 
the accnmulated tar btirned out; it is then brought up to temperature 
by burning wood gas in it for 24 hours. 

The pyroligneous acid is settled and distilled from batch primary stills 
to remove dissolved tar. The acid distillate then goes to a continuous 
still, which gives overhead 95 per cent methanol, and at the base 15 per 
cent acetic acid. 

The methanol is refined in two discontinuous stills, whose several 
^^cuts^' are refined further to give 75 per cent methyl acetone, 75 per cent 
methyl acetate, and C. P. methanol. 

The 15 per cent acetic acid is treated with ethyl alcohol in the pres- 
ence of sulfuric acid, to give a crude ethyl acetate; this is treated with 
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calcdum chloride, giving finally dry, pure ethyl acetate. The average 
yield of the various products is given in Table 29. 

The wood used is 70 per cent maiole, 25 per cent birch, and 5 j^cr cent 
ash, elm and oak. The plant is designed for a capacity per day of 400 
tons of scrajD wood. 


Tahi.k 29 . — Atjorage Yield of VaruncH P rodzioLti at tho Iron AI onnLahi 
Plant, Ford. Mo Lor Company, par Ton of Dry Wood, 1030. 


Charcoal 649 ])Ouiirls 

Griirf 5000 cubic foot 

C. P. methanol 3.66 ^ 2 ;alloiih; 

Methyl acetone (and Methyl AceiatiO 1-46 gallons 

Allyl alcohol .05 .Gallon 

Ive tones .30 jiallon 

Mediyl acetate 0.945 .Gallon 

Soluble tar 37.46 Gallons 

Pit. ch 6G.Q' ]>oiind« 

C^Iroosoto oil 3.25 Gallons 

Itthyl acetate 11.65 Gallons 

Ethyl formate 1.27 .Gallons 


The average composition of the gas from the Badger-Stafford retorts 
is hydrogen 2.2 per cent by volume, dry gas; methane 1(3.8; Cntlxn 1.2; 
carbon monoxide 23.4; carbon dioxide 37.9; oxygen 2.4; nitrogen IG.O; 
Btu. per cubic foot 290. 


rilRKCT RkCOVKKY OF ACFTIC AciD 

In the early days, the plant in the mountains made its acetic acid 
transi~)ortable by clianging it into calcium acetate, which involved neu- 
tralization with lime, and evaporating to dryness. The custcjiiier had 
to distill this acetate with sulfuric acid in order to obtain the free acid. 
The development of synthetic acetic acid made it economically impos- 
sible to continue this procedure; the wood distillation plants were the 
more pressed to reduce costs, in that symthctic methanol had cut the price 
of their second i: 5 roduct, wood alcohol. Three processes have been invented 
and i^erfected by the users, in which the acetic acid is extracted from the 
acid distillate by means of solvents, with siibscciuent separation by dis- 
tillation. The Brewster jorocess uses isopropyl ether as the solvent; the 
Suida process uses a high-boiling wood oil fraction, produced from the 
wood in the plant, and used over and over again for a reasonable number 
of cycles. The expense of buyung a dissolving agent thus disapjoears 
in the Suida process, and an acetic acid of 92 per cent strength is pro- 
duced, of high purity. A third process is the Othiner process. When it 
is added that in some states there is a steady market for charcoal for 
domestic use, it will be seen that, most happily, this interesting industry 
has a new lease on life. The Brewster process, it might be added, is 
particularly applicable to the recovery of acetic acid in a cellulose acetate 
plant. 
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The Suida Process.^ The apparatus, aside from retorts and the cop- 
per condensing equipment, includes a primary boiler, a scrubbing column, 
a dehydrating column, the second boiler, a stripping column (10 plates), 
a rectifying column (30 plates), a still for tar, and one for pitch, both with 
condensers and receivers. (See Fig. 103.) 



Figure 103. — Flow sheet of the Suida pi*occss for the exiract.iori of acetic 
acid directly from the pyrolig:neous acid vapors. (Courtesy of Forest, 
Products Chemical Company, Memphis, Tenn.) 


The extraction is carried out in the superheated vapor phase. The 
settled pyroligneous acid is run to the primary still, which sends out 
vapors of acetic acid, alcohol, and water, retaining the dissolved tar, 
which is run off periodically. The heating is by closed steam coils, and 
the vessel and coils are of copper. 

The vapors of acetic acid, crude methanol, and water enter at the 
base of a plate column, called the scrubbing column. {See Fig. 104.) 
Solvent oil enters near the top of the column and flows downward, while 
the vapors pass upward. The solvent oil takes up acetic acid vapors 
and some water. There is drawn from the base of the tower, solvent 
oil charged with acetic acid and some water ; there passes out of the column 
at the top crude methyl alcohol, aldehydes, and water. This overhead 
distillate is condensed and, for the most part, run to the weak alcohol 
storage; a small amount is returned to the still as reflux. The oil with 
acetic acid passes down the dehydrating tower, and from there to the sec- 

^ ‘ 'Acetic acid and cellulose acetate in tlie United States,'* E. r. Partridge, Ind. ISnff. Chem.* 
23, 482 C1931); "Suida process for acetic acid reco'v cry, ' ’ B. P. Poste, Ind. Bng. Chem., 24, 722 Cl®32>. 
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ond boiler (not shown on flow sheet) which delivers the heated liquid to 
the stripping tower, operated under vacuum. Here the acetic acid vapors 
are flashed off (that is, vaporized with explosive violence) and enter the 
rectifying column, carrying a small amount of oil with them and all the 
water present. The lov^er part of the stripping column serves to exhaust 
the oil of acetic acid. In the rectifying column, the oil is retained on the 
first few plates, and acetic acid of 92 per cent CH 3 COOH is drawn off 
as product from the twelfth plate from the bottom. The upper 18 plates 
receive most of the water which entered the rectifying tower; they carry 
an acetic acid solution which becomes gradually weaker. There passes out 
at the top a 15 per cent acetic acid which is condensed and returned, 
mainly, to the pyroligneous storage. 

The solvent oil leaves the stripping tower free from acid; it is cooled 
and returned to the scrubbing tow'er. It is obtained in the first place 
as follows: the tar is distilled and the distillate gives a light oil, and a 



Figttre 104. — The Suida process. Scrubbing columns, with the tops of the dehydrat- 
ing coluxxins shown. (Courtesy of JMr, T. C. Albin, Forest Products Chemical 
Co., Memphis, Tenn.) 

heavy oil fraction. The latter is placed in the tar still, and distilled 
again. The distillate is divided into light oil, heavy oil, and scrubbing 
oil; it is the last fraction which serves as solvent. The excess is sold or 
burned as fuel. 
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In the OtJnncr process for direct acetic acid, a "Svithdrawine; ai>;ont” 
such as ethylene cldoridc", or l^ntyl alcohol, is added; there ilistills over an 
azeotropici inixtni'c, with water one oi* its coin)U)nents. ( )n (‘ooliny; the 
vapors, the ‘Svitlulrawinp; ageiit’^ forms a separate' layer so that it is read- 
ily recovered and used over again. The iicetic* a('id, free ti-oin water, is 
left in the bottom of tlie still. 

Several additional observations are in ordei'. As inodifit'd in tlio 
American practice, the methanol need not be removed in a ]:n.’eliminary 
distilhition of the pyroligneous acid; distilling the alc*oliol siniultaiUK)usly 
with the removal (yf acetic acid by the solvent reduces by lialf tlic* amount 
of esters formed; to that extent the alcohol as such is pi’c'sc'rxaal, a, Iso llu‘ 
acid. A plant which finds the production of cah'iiim acetates no longer 
profitable can be changed into a Snida ]')la.nt, using tiie sanu' rc'lorls. Pure 
acetone formerly was made exclusively by the dist.ilhit.it)n of (*aleiuni 
acetate; it is now o])tainod by fermentation or by synthesis. 

As to future trends, ^d.)oth the wood distil h'r and thc^ pi-oduec'i’ of 
synthetic, acetic acid from acctylcm> arc' open (o 11 u' dangc'r of (‘oin])(‘- 
titic^n frenn newer and cheai>er synthetic processes. One of thc'. i)ossibili- 
tics is thc c 3 xidation of ctliaiic^l to acetic, aend. Thc ethanol may hc' dc‘ri\a'(l 
from fermentation, nr be made by synthesis from c'thylc'iic'.’' ''Phis latU'i* 
development would ])c duo in great part to tlic loss of the' rc'gular market 
for ethanol, disi^laccd by thc cheaiK'r synthetic nu'tlianoh 

There were pi'c^duced in 1935 34,157,752 bushels of c.har(U):d, 4,528,480 
gallons of crude inethanc^l, 25,846 tons of iiccdate of linu', dirc'C'lly r('(*o\'- 
ered acetic and scDinc esters to tlic value of $1,889,790, tar 10 million gal- 
lons, tar C3ils 1,087,492 gallons. The total value foi* all wood distillation 
jiroducts including turpentine and rosin was $15,757,391. 

Refining the Alcohol. Thc crude', alcohol frac'tion is se'i>aratecl into 
a number of purer substances in a continuous distillation with ]>lat(i towers, 
similar to the preocedurc used for ethyl alcohol, fully de^scribeal in Cliaj)- 
tc?r 20. In a crude containing 82 2 )er cent orgiinie', suV)stan('e*s, tlu'.i'e are 
6 te3 8 ]3cr cent methyl acetate Cll.-i . C(X)CI-T;{, 12 to 14 i)e‘r ea'nt a(*etone, 
65 i^er cent methane^l, and not over 1 ]^ov c‘cmt otlie'.r organic', bodies such 
as allyl alcohc^l CTI^ : CII . CIIi>OI-T, mc'.thyl e'thyl ketone Cdl.i . C X ) . 

The separation is mainly in four gi*adcs: acctaldc'hyde boiling at 20^^ C. 
(68® F.) ; acetone with 28 ])er cent methyl acetate, 51 1 )cm’ ccnit. acetone', and 
21 per cent hydrous methanol, iiseel as an excellent solvc'ut for nitrocellu- 
lose under the name of ^hnctliyl acetone’' 'y a liigli test nu'tlianol, anel 
thc allyl c.omi)onnds. 

Acetaldehyde may be transformed inte^ ]>araldehydc, a [polymer 
(CH.-f . CE[0)o, by the action c3f a small amount e^f concentrated sulfuric 
acid. ParaldcliA^de is a liquid boiling at 128® C- (262® F.) ; it is a valu- 
able hypnotic. 

U. S. Patents 1,804,745 and 1,917,391. Srte further: T) eh vcl ratine: nrineoiis solutions of 
acetic acid.” JDonald F. Othnner, Cltam. Met. Fug., 40 , 631 (1933); and 41 , 81 (1934). 

° Tnd. Eng. Client., K. P. Partridge, 23, 4S8 (1931). 

Acetone is not isolated as sucli froiYi crude wood spirits ; rnctliyl acetate and ac^itone form a 
constant boiling mixture. 
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Acetone from Calcium Acetate. Acetone is made by fermentation 
of starcli, with butyl alcohol as a second product (Chai;)ter 20), but tlic 
old method rni^’ht be mentioned, for, in an emergency, it could be revived. 
Dilute acetic acid is treated with lime, to form a solution of calcium ace- 
tate, which is concentrated to dr^mess ; the. solid is then heated, wdien it 
breaks dowai to form acetone and calcium carbonate. After the heating, 
steam is blown into the vessel in order to drive out all the acetone. The 
boiling point of acetone is 56*^ C. F.) . 

2CII:; . COOLT -[- CaO =(CH:; . COO^Ca -i- ITO ; 
cicaLic ncid 

(Cn. . COO):.Ca = CH:; . CO . Cllv. -S CaCO:. 
calcAii-m acetaLo uctdaiK: 

( a solid) 

Acetic Anhydride. A i)ortion cd’ the acetic acid production is used 
to make sodium acetate, and this in turn serves as raw material for the 
manufacture of acetic anhydride. The metliod consists oi‘ mixing sodium 
acetate with sulfur chloride (SCk) and passing in chloi-ine, maintaining 
a temperature of 15^ to 20^ C. by (tooling coils'^; after the reaction is 
complete, the reaction mixture is lieated two hours to 8()‘^ C., and then 
the acetic anhydride distilled. The latter boils at 138^ C. (glacial acetic 
acid bolis at 119° C.), and is best distilled at reduced pi-ossure. The 
reaction is: 

SCH.COONhi -1- SCb -1 2Cb = 4(CI1;.C0)..0 + GNaCl S- Na.SO.. 

acetic 

anhydride 

In other patent prcjposals, successfully demonstrated, tlie sulfur chlo- 
ride and sodium acetate are mixed with acetic anhydride, and then 
chlorine gas passed in. 

Acetic anhydride has a penetrating, painful odor. It is used in the 
manufacture of cellulose acetate, in the dye industry, and in the prepa- 
ration of certain pharmaceuticals. 

HuRGius Procuss for Woon Hydrolysis 

The conversion of wood cellulose to sugars suitable for animal and 
human consumption by hydrolyzing it with hydrochloric acid in the cold 
on the commercial scale is an accomplished fact. The wurld is indcV)tcd 
for this contribution to the genius and persistence of Dr. Friedrich Bergius. 

On treating the chipped wood with 40 per cent hydrochloric acid 
at 20° O. [ 68° F.] in a bank of extractors or diffusers, there is produced 
a liquid, the hydrolysate, and a brown solid residue, the lignin. The 
hydrolysate is distilled in order to remove and recover the hydrochloric 
acid, and the acetic acid which pass out at the same stage ; the two are 

German Patent 273,101, an improvement on 222,236, 241, SOS, and 132,605. 

® Tlie wood studied has been pine, in one extended run, and beech, in another. 
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separated. The concentrated residue is dried and is then the raw sugar, 
with some residual acid. The lignin retains the skeleton form of the wood 
chip ; for the present it is made into briquets, but better uses are in iirocess 
of development. 



Figure 105. — The complete product s-diagram for the Bergius wood hydroly- 
sis process, not fully realized in the present practice (193(5). The stops 
and products actually on a factory scale are designated with an ast.orisk 
(by EPm,). The inversion-fermentation is an alternate to the sugar 
production. The water, dilute acid, and benzene extractions must, pro- 
ceed saccharification. Based on the original German sketch kindly 
supplied by X)r. Friodiuch Bergius. 

The raw sugar aftei* a liinc treatinont is an acceptable cattle food. 
Its tctrameric sugar molecules may be inverted to give the glucose, and 
may be the basis of a glucose syrup, or after further purification and 
decolorization, will produce crystal glucose. If preferred, the sugars may 
be fermented to give ethyl alcohol; in this case, about 80 per cent of the 
sugar (glucose) ferments, but the residue, xylose and galactose, are best 
worked up into cattle feed. 

An annual production of 6,000 metric tons of raw sugar was expected 
for 1936. 

A number of further details will be gleaned from the accompanying 
flow-sheet and product diagram. Numerous questions as to the choice 
of material for construction had to be solved.® 


® For picture of Haveg taiiks used, see Chapter 45. 
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It should be noted that this process recovers as sugars the same matter 
which in the ordinary wood distillation goes out as carbon dioxide and 
water. The same values in acetic acid, alcohol, lignin are obtainable 
besides, and in spite of the hydrolysis. Also, waste wood, not otherwise 
utilized at all, may be the raw material. 

Tuhpetsttiiste azstd Rosin 

Pure gum turj:)entine is obtained by distilling the sap of the Southern 
pine. Wood turpentine is a similar product; it is obtained by distilling 
the wood, usually stumps and small branches, rather than the trunk 
which serves for lumber. The States most prominent in both industries 
are Florida, Georgia, Alabama, and Louisiana. The Scandinavian Penin- 
sula produces turpentine from the Norway pine. 

For the gum turpentine, incisions are made in the trunk of the pine, 
leading into a cup which can hold one-half to 1 gallon of sap ; the sap 
flows from March to September. The collected sap is distilled from a 
copper still; turpentine and wmter pass over, and there is left in the still 
the rosin. In some plants, steam is passed in from the beginning, in 
others it is introduced after the turpentine and water distillate stops, 



Figure 106. — Diagrammatic flow sheet for the Bergius wood hydrolysis process. 

giving an additional amount. About 20 per cent of the sap is recovered 
as turpentine. Its uses are based mainly on its solvent properties in 
paints; its high content of pinene permits the manufacture of pinene 
hydrochloride, a solid, and other chemical substances. 

Wood turpentine is obtained by the dry distillation of the wood, with 
or without the introduction of steam. The process is very similar to 
hardwood distillation, but horizontal retorts of smaller size in which the 
wood or chips are placed without buggies are common. Wood turpentine 
differs from gum turpentine in its odor. 

For the year 1935, the production in the United States was as follows 
(from the Bureau of the Census figures) ; 
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Tiii*t )oni ine, from wot^d I .(>11,641 ii;:illon.s 

oil :>,-148,Ml6 .u’mIIoiis 

l’if>iii wood o20,0(Jl l):nr(4s 

''rurpc'iil iuc’ Irorii cn*udt^ j^uiu 21,So0,()00 LJialloiis 

K-Osiii i’roni (-viido 1,()17,000 havrids 


(TI 1.0 biiiTc?l (‘CiUiils 500 poll lit Is) 

Some of the uses of rosin iivc ^iven in Cluiptc'rs 31 iind 35. 


Ot TT KR ATR N TS 

IT- S. Patent 1,792,302, on t.nrponlino, ])ino oil and rosin from wood i-ieh in oltai- 
resin by llie direct action of strong c.iivrcnit. of sleani to volatilizt' I lit' tiils; 1,772,895, 

I ■.irp-cHil ino substitute from pine oil, by adding' fulltu-'s t^a,rtli to ])ine oil and dis- 
tilling with steam at a tiani levat lire of 125° to 225° C.; 1,7-10,115, t'xtraction of tur- 
liontine pine oil and rosin from resinous woods, by solvents; 1,859,292, t, hernial 
decomposition of wood 1 >y subjecd ing it to direct physical <-ontac(. aiul r('a,('tion with 
a, highly litialed body of liyclrofairbons ; 1,836,305, wood {list ilia I ion api)ara(us; 

1,731,242, method of wood distillation; 2,050,235, concont rat lag arotic a(*i<l; 2,03-l,332. 
concentrating a.<iu(‘Ous formic acid, 

PjtOHCn M s 

1. A plant using retorts with st.ec^l buggii'S distills 30 c'ord.s of Ixa-ch wood for 
100 days. What is tin' l.ot.al tonnage of i*ba.rcotvI, and how much gas is a\’ailal>lc' 
].)or day? 

2. A plant distills e\’ta‘y day 200 1 011s of (diipja'd wasti' hardwood in continuous 
retorts. Consulting t.hc table' of prcxluc.ts givem in tc‘Xt, what, ari' tlu' amounts of 
each which are ol:)tamcd? Make an allowance' for th(‘ gas I'tspiircxl for chaining 
the retorts and bringing them ii]) to h('al. 

3. A chipped pine wood (X)ntains for each 100 kilograms of di-iixl wood 66 kilo- 
grams of r(xliicing sugars, wit.h the (a)in]>osit.ic:)n : 

I*('r 

Glucose 60 

Mannose 17-21 

Galactose 5 

Xylose 13 

Priict oso 1 

Allowing the glucose and fructose' t fcn-nient. without, loss t o etli^d alcohol, 
how much of this snl)staue(', 011 tlx' 100 i>ei* ec'iit l)a.sis, will be obtained? 

The same ]n'n(' chips gi\'(' p<'r 100 kilogi-ams 2 to 2\ kilograms aci't.ic acad, and 
33 kilograms of lignin. 

4. A chipyied Vxx'ch wood ])i*o<hic*('s for c'iich 100 kilograms of di*i('d wootl 72 kilo- 
grams of rediic'ing sugai's, with the com]>osit-ion : 

PtM* t'lMll 


(J 111 cose 

(i7 

Xvlose 

28 

Other sugars 

5 


and 25 kilograms lignin, and 0 kilograms aeotici acid. 

IjCt the glucose i:)o worked up into a 50 7)01* cent glucose syrui). how much will 
00 obtained iier 100 kilograms of wood? Tjot the rcmiaining sugars be ma.do into 
cattle feed, what is the weight Ihoy will contribute, assuming non^'. is lost? AVith the 
acetic production as given, how many 7')ounds of acetic acid woul<l be obtained from 
one cord of this same wood? (the weight of wood 7^er cord givi'n in the chaid:.er 
text may be taken as n7')plyirig) . 
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The electric furnace is a comparatively modern device; until its advent, 
the highest temperature commercially available 'loas the 'white heat of 
a bed of coal burning under forced draft, 'which gives about 14-00^ C. In 
the electric fxLrnace, a temperature three times as high is obtainable, about 
4100° C.; this is not so very far from the estimated temperature of the 
sun^s sxtrface, 6200 ° C . That the high temperature of the electric furnace 
should have made possible the manufacture of products hitherto unlcnoun, 
or hnown only in the natural state, is not surpidsing . I'm\portant amo 7 ig 
these are a^'tifi.cial graphite , silicon carbide, ahiininumi oxide, calcviiin car- 
bide, a 7 zd certain alloys. 


Chapter 17 

Products of the Electrothermal Furnace 

There are three main types of electric furnaces, the arc furnace, the 
resistance furnace, and the induction furnace. In the arc furnace, the 
heat of the arc is utilized, with perhaps an e^lectrical effect in the case uT 
gases. In the I’csistance furnace, no arc is formed, but tlie electrical 
energy is entirely transformed into heat or thermal energw. If the mate- 
rial furnishing the resistance is the charge itself, the resistance furnace 
is said to have direct heating. If a material is added purposely for the 
sake of the resistance it furnishes, without being jiart of the reacting 
charge, the furnace is said to have indirect heating. The induction fur- 
nace may be applied only to metals; it is based upon this fact, that if an 
alternating current of high frequency is passed through a coil of many 
turns (primary) in the center of which a soft iron core is situated, an 
alternating magnetic field is formed, and a single iron ring (secondary) 
l^laced around the first coil and core will become red hot in a few minutes. 
In addition to these three types, some furnaces involve a combination 
of two tyiDes. Any of these furnaces may be termed electrothermal, for 
their value lies in the heat they furnish, and that heat lias its source in 
electrical energy. The materials produced in the electrothermal furnace 
could not be made by means of heat from any other source; it is the high 
degree of heat w^hich is essential. At the present time no other means for 
the production of such high temperatures is known. The size of the fur- 
nace does not matter; a small furnace a few inches in size is as truly an 
electric furnace as the large furnace for graphite, 30 feet long. 

Artificial Graphite 

Artificial graphite is made in an electrothermal furnace with direct 
heating. When coke is heated to the very high temperature which, this 
furnace affords, a change takes place, at the end of which the ash is 
volatilized as well as any other ordinarily more volatile impurities, and 
there is left only carbon in the form of graphite. The content of the ash 
functions as the graphitizing agent; it forms carbides with the coke; 
later the carbides decompose, and the carbon is left in the form of graphite. 

28:8 
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The heating must be done in the absence of air; this is accomplished by 
covering the heated material with a sand mixture. 

Certain materials are added to the coke in order to produce shaped 
pieces, for example, electrodes for electric furnaces and for electrolytic 
cells; it is these electrodes particularly which have made this industry 
an indispensable one. Graphite is a good conductor of electricity, coke 
is a poor one. 


Electrodes for Electric Furis'aces 

The raw materials for artificial graphite are: calcined petroleum coke, 
the residue from the distillation of certain crude oils for gasoline; coal- 
tar pitch, and a petroleum distillate called black-summer oil. A portion 
of the coke is powdered in a Raymond mill to such fineness that 60 per cent 
passes through a 200-mesh screen another portion of the coke is crushed 



in a swing-hammer mill to a coarse pow’der. These two sizes are mixed 
with pitch and oil in steam-jacketed mixers for a period varying from 
20 minutes to an hour.^ The charge is dumped onto the floor and allow-ed 
to cool to 95° C. (203° F.) ; it is then shoveled to a chute feeding a cylindri- 
cal form open at both ends, and i^laced on a movable table, so that the 
form may be brought under a ram which presses the soft mass into a 
cake 16 inches in diameter and 10 inches high, weighing 60 to 70 pounds. 
The cakes are fed at intervals to an extrusion press, enough cakes being 
used to fill it. This press is merely a steam- jacketed cylinder of 17-inch 

1 Chapter 44. 

2 The different sizes of coke are used in order to obtain minim um voids. 







290 


/A' D I rS T H f A L C II K M IS T R ) 


internal bore, fitted at one end with a ^ftoaiii-licated die which may be 
chan^i;Gd to suit the order; at the other end with a ]^iston liydranlically 
driven. The mass is extriulcd throu»:h the die, very slowly, onto a reeeiv- 
iny i^Lato. The diameter of the electrode is tixecl by the dit' openinp;; the 
Uai^th is measnred on a stick, and cut off with a wire, as (*hcese would be. 
Twv”) men oi^eratc the oxtriisioii end of the press; one operates tlie valves. 

The ])iecos, now called the '‘^^rcen’' electrodes, arc lowered to the floor 
and rolled away in shallow troughs with 2 inches of water, and under a 
sj'jray of cold water. By reason of this cooling, the soft mass hc'coincs 
comparatively stiff; the green electrodes are now ready for bring. The 
amount of compression is reflected in the. specific gravity; tlu‘. IG-inch 
cake has a specific gravity of 1.3; the green electrode, 1.7. . 

First Baking, producing Raw Electrodes. A first baking is done 
at a temperature of not over llOO"^ C. (2012*^" F.), i^rodiudng a, liar<l sub- 
stance with a metallic ring. This may be done in the electric riirna(*c, 
and may be followed without rc]>acking by tlie graphilizing hc‘at, merely 
by changing from a low transformer to a liigh one; but it is found more 
economical to perform tlic first baking in coal-fired kilns with reinoval)le 
arches. Tlie kilns are of such size tiiat for clecitrodes 4 inc'hes in diam- 
eter (circular) and 40 inches long, 500 may be baked at onc^ tinui in one 
kiln. The electrodes are packed in sand, profcral)ly re-used sand, so that 
they do not touch each other, and are well covered so that Ihe fire gases 
which pass over the top will not come in contact witli tiiem. The fire 
gases pass over the charge, down the sides and rear, and iindcu' the floor 
of the kiln by means of suitable (hannels and cross walls in tlie bric‘k- 
work, before they can escape to the stack. A i^yromoter roaches into 
the sand, another is placed in the fire gases. The temperature is raised 
slowly, 5"^ C. per hour, recpiiring 5 to 7 days; when 800'' Ch (1472'^ F.) 
is reached, all danger of forming blow-holes is over and the fii'c is forced 
until the pyrometer in the sand registers 1100*^ C. (2012''' F. ) ; this licat 
is maintained for 2 to 3 days. 

The charge is cooled slowly; first the arch is renK:>v('d by an overhead 
traveling crane; after a day, some of the sand blanket is removed; some 
more on subsequent days, finally all. Tiic cold charge is uni)acked, and 
the raw electrodes are ready for the gravdiitizing heat. Tlie gradual cool- 
ing is necessary as the electrodes would take fire if air coidd rca.ch tliem 
while still hot. 

During the baking, there is a loss in weight of 13 per cent and a 
shrinkage in length of 1 per cent. The green electrode, 4 by 40 inches, 
weighs 29 pounds. 

Graphitizing the Raw Electrodes. The raw electrodes arc clianged 
from a hard body to one so soft that it may be cut with a pocket knife, in 
an electric furnace in which the charge itself forms the resistance to the 
electric current. The heat attained in the furnace is about 4100° C. 
(7366° F.), whereas the maximum heat which the coal-fired kiln affords 


^ Chapter 46. 
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is 1400° C- (2552° F.). The furnace consists of a bed of concrete hags 
supported on short piers i)laced close together, and of two upright end 
pieces also of concrete. The length is 30 feet, from ui^right to upright; 
the width is 13 feet; there are no stationary side walls. When fully 
charged the height of the bed is about 6 feet. 

The end pieces are provided wJth openings to receive the stationary 
graphite blocks forming the terminal electrodes for the furnace; each end 
piece has eight carbon blocks, 6 inches square, in cross-section, long 
enough to protrude 2 inches within the furnace and to extend 6 inches 
outside for connection to the copper leads. The connection to the graphite 
terminals is kept cold by a stream of water. 


Figxjke 108. — Plan and 

elevation of artificial 
graphite furnace for 
electrodes. 
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Thci charge of raw electrc^des is packed between the end i)ieces after 
placing ground coke over the floor of the furnace to a height of 4 indies; 
the electrodes are placed crosswise to the long axis of the furnace. They 
are piled exactly over each other, touching, and the vertical rows are 
separated by strips of wood, replaced by ground coke when the packing 
is completed. The total weight of the charge is 30,000 to 35,000 pounds. 
Along the two sides a layer of coke 3 inches thick is placed reaching 
from one upright end piece to the other; it is held in place temporarily 
by a sheet steel apron. A layer of coke is similarly placed over the top. 
It is through these layers that the current passes at the start, for the 
raw electrodes arc poorer conductors than the coke. The graj^hite ter- 
minals in the end walls are buried in the crushed coke and through it 
make contact with the electrodes nearest them. 

Over the top a layer of mixed sand, coke, and sawdust is si:)read, to 
act as a heat-retaining cover; sand previously used, partly converted to 
silicon carbide, is preferred to new sand. Along the sides concrete blocks 
4 feet high are set up at a distance of 12 inches from the 3-inch coke 
layer, and the space so formed is filled with used sand. The electrodes 
are now buried in crushed coke and protected from the air on all sides; 
the furnace is ready for the heat. 
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The current at Niagara Falls is 25-cycle^ alternating current; the 
voltage at the beginning is 240 volts; as the heating progresses the charge 
becomes more conductive, and the voltage may be dropped gradually; 
at the end it is 30 volts. The electrical load is 1600 kilowatts at the 
start; at tlie end, 1200 kilowatts; this latter load is in the form of 40,000 
amperes at 30 volts. The current from the hydroelectric power plants is 
delivered as 12,000-volt current and transformed to the lower voltage in 
oil transformers ; it is brought to the graphite block terminals by means 
of eight copper bars 4 inches wide and three-eighth of an inch thick. 

As the heating progresses gas escapes from the charge and burns. 
Pyrometers are used for the first few’ days; then they are removed as 
they’ themselves w’ould be volatilised. The final grai^hitizing current is 
on the furnace for two or three day's. After the current is shut off, the 
furnace is allowed to cool for six days (for tlie largest pieces) ; it is then 
unloaded. The complete cycle from one unloading to tlu‘ next is one 
month for each furnace. 

Graphite electrodes may be machined (threaded, for instance) so that 
when worn short, the butt ends may be screwed onto the next iicnv i)ic.ce 
and thus utilized. Electrodes of all kinds are madey of scjuai-c^ and rec* 
tanguUir cross-section as well as circular. 

Graphite powder is made by filling the furnace witli coarsely [)ow- 
dered coke with a central core of 2-inch square graphite rodding, then 
proceeding as before. Such ‘Tulk graphite’^ is povvdoa*ed in a special 
mill and finds application in the electroplating industry, in dry batteries 
or cells, and in lubrication. Mixed with grease it becomes a speeia.l 
lubricant.^ 

Certain articles are baked only a short time, and arc semi-graidiitized ; 
for example, electric motor brushes. 

Artificial graphite is artificial only in the sense tluxt it is manufac- 
tured and not that found in nature; it is a purer and more uniform graphite 
than the natural material. Its higher purity^ makes it a better conductor 
and a superior lubricator. For all uses except the manufacture of clay- 
graphite crucibles, the manufactured graphite excels the natural graphite. 
The superiority of the latter in making graphite crucibles is due to the 
presence of mica fragments which prevent the rapid burning which manu- 
factured graphite would permit; these mica pieces furthermore offer points 
of attachment for the clay binder. 

Abrasives 

Silicon Carbide. In the same kind of electric furnace in which 
graphite, the softest solid known, is produced, silicon carbide, practically 
as hard as diamond (the hardest substance known) is also produced; 

^ 25 cycles per second. 

5 A dry cell consists of a central *'raw'* carbon rod surrounded by a mix of graphite and 
manganese dioxide as depolarizers; these are contained in a paper bag, which sets in a mix of 
starch paste, ammonium chloride, and zinc chloride, surrounded by a ziric cylinder which forms the 
second pole ; the carbon rod is the positive pole. 

® It is discussed under lubricants, Ohapter 24. 
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but while in the graphite furnace the heat-producing resistance is that 
of the charge itself, in the silicon carbide furnace a central core of carbon 
furnishes the needed resistance, and the materials which are to be trans- 
formed are heaped around it. Hemce the silicon carbide furnace belongs 
to the class of resistance furnaces with indirect heating. It is important 
to note that the temperature of the graphite furnace is much higher than 
the decomposition temperature of silicon carbide, so that none of the 
hard substance can exist in the soft graphite. 

Silicon carbide, or silicide of carbon, SiC, was unknown before the 
development of the electric furnace.'' Its great value lies in its hardness, 
and in its proj^erty of breaking off to form fresh sharp surfaces. These 
two proi:»erties have led to its use as an abrasive. It is used in the form 
of grinding wheels, grinding powders, and polishing j^apers. 


Figure 109. — Cross-section of 
the silicon carbide furnace, 
showing the central graphite 
rod surrounded by the core 
of coke (in blank) and 
around this the mixed mate- 
rials forming the charge 
proper. 



Silicon carbide is sold under the trade names of '^Carborundum,” 
"Crystolon,” and others. 

Silicon carbide is made in furnaces 40 feet long, 7 feet wide and 6 feet 
high. The charge itself and the heating core form the greater part of 
the furnace; the permanent portion is only the bed and the two upright 
end w’^alls in which the electrodes are imbedded. The bed of the furnace 
consists of curved cast-iron pieces lined with hard fire-bricks, on which 
the charge rests. The materials for the charge are made up in the pro- 
portions of 100 parts of the finest grade glass sand, 60 parts of coke, and 
10 parts of sawdust (all by weight). These ingredients are thoroughly 
mixed and loaded from a bucket carried on an overhead crane; the bucket 
is filled from a bin on an upper floor, by gravity. 

The manner of loading the furnace is as follows: Enough material is 
charged to reach half-way of the height of the total load; a long furrow 
2 to 3 feet wide running from one end wall to the other is then made 
in the center of the. charge, filled with crushed coke, and a 2-inch graphite 
rod ® reaching the whole length of the furnace is laid in the middle. The 


The experimental work: was done at jVIonongahela City, Pa., by E. C- Acheson. 
® Made in the same way and from the same mass as the graphite electrodes- 
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core wiclcii!^ at the end walls so that all the p;i*a.pliito terminals arc in con- 
tact with the coke whic*h then runs without a l:)reak to the oi)i)os,itc'. wall. 
2S[ext eiioii^;h coke is added to coin]’)lete the core, and then the remainder 
of the mixed chai'e;e. The iiirn-ace is then ready foi* the lairrent. A i^ortion 
of the charge remains imchanged and forms tlie blanket rocpiirc'd to keep 
out the air and to conserve the heat. 

The electrical load is 1500 kilowatts, and is continuc'd until a total 
of 54,000 kilowatt hcnirs have been applied. The current is alternating 
(25 cycles at ISTiagara Falls) ; the voltage is 300 ^'olts at first, 200 volts 
at the end. The period of heating is about 36 hours, and the maxinnim 
temperature 2600^ C. (4624^ F.) in the reacting mass.-* Blue flames arc 
visible all over the mass for the greater part of’ the lu'ating; tlu\v (‘onsist 
of carbon monoxide, escaping and bnrning. Towai-d tlu' end, tlu'sc' flames 
turn yellow, as the sodium compounds, begin to \a)lati lizc' and jmss out. 
The furnace is allowed to cool and is then o]>cncd. ^r\\c. inneu- }>ari. of the 
mixed charge is found transformed iido large hard c‘hunks (‘onsisling of 
glistening, well-formed, fiat crystals of various colors; sonu' regions have 
a soft velvety violet color, otlici’s are groen-bronzc' to light grecui, others 
again are colorless. The color cannot l)e foretold nor rc\gidatc‘d ; for the 
manufacturer tins is of no importance and ]')e]*ha])s of no intcM*est, but to tlu‘ 
visitor a newly opened furmice is a beautiful sight. Idie crystais arc* hard, 
with sliarp edges, forn’iing jagged peaks which jut out from the* mass. 

The desired product foi*rns the inner part of the mixc‘d charge*, adjacent 
to the carbon core, so that moving from the edge inward, there is met 
first unchanged cliargc, the silicon carbide crystal layer; lu'xt some grajih- 
itc having the shape of the silicide crystals, V.)0cause the.' crystals, first 
formed lost their silicon by overheat; finally tlic imu'r core', now ])iirtly 
graphite. From 64,000 pounds of mixed cliargc, ^ibout 16,()0() pounds of 
silieem carbide crystals are obtained. Tlic graphite in the centc'r is a 
by-iirodiict; most of it is sold to electrode.* makers. Tlic ciyclo from unload- 
ing to unloading is one week. 

Tlic function of the sawdust is to make the mass porous so tliat gases 
may pass out. It will be noted that enough coke is added to remove the 
oxygen from tlie sand in aaldition to the amount rccpiircal to form the 
silicide. The reaedion is SiO^ H- 3C" — 2CC') -|- SiC.h 

Silicon Carbide Products. The chunks removed from the furnace 
are in part stoi’cd in the yard, in heaps which again form a striking siglit, 
especially on a sunny day. When needed, the cliunks are (u-uslicd in steel 
edge-runners, the pans of which revolve while the corrugated steel wheels 
are stationary. The crushed crystals are washed in water, boiled in sul- 
furic acid and later in caustic soda, dried, then sieved, tlio finer crystals 
on long narrow screens wdiich move forward with a slow motion, backward 
with a jerk. Coarse crystals arc made into large wheels (10 to 36 inches 
in diameter) , smaller crystals are for small wheels. There is an infinite 

£» ' ‘Tc^iripeTutiirc incasuromeiits in comiiit^rcial silicon carl'>icio furnaces,'’ l>y 2?taymon(l It. Itidg- 
way, Trarifs. HJlcctrochcm. Soo., 61, 217 (1932). 

The sizes of particles are also varied in any given -sized wheel according to the de.gree of 
smoothness desired. 
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variety of sizes and shapes. Crystals which i:)ass a 50-mcsh screen form 
a rather coarse grinding powder; those that pass a 150-mesh screen form 
a fine one. A large percentage of dust is unavoidably produced, which 
has no value as an abrasive ; it is used in the refining of steels. Grinding 
wheels and tij-^s for dental instruments form a considerable outlet. Grind- 
ing compounds for automobile valves, for instance, arc silicon carbide 
X:)owder, in two sizes, set in a calcium soap jelly. Cloth and i:)ai:)Gr coated 
with crystals arc extremely efficient and replace to a groat extent the older 
emery cloth and sand pa]:)er. Honing stones and sharpening tools for 
farm implements hnd a ready market. 

In order to make ga-iiiding wheels, the crystals arc mixed with a thin 
clay containing i^owdered feldspar and flint, to form the approximate 
shape: after drying, tlie correct shai)e and size arc made V)y trimming 
with i)owei'-driven kni\'es. The \\Jiec‘l is thew ready for firing; this is done 
in coal-fired kilns, similar to those used in ]K)tteries.^^ The temperature 
is controired by means of pyronieti'ie or Sieger (‘ones and l;)y the color and 
length of the flame. Thc^ leaking reciiiirc^s 10 days; the complete (*yclo 
is 14 days, for a kiln. After firing, thc' wheel is inspc‘cted, tested by si^in- 
ning it at a rate in excess to the stated working rate, and if i)assod, is then 
ready f<n' shi[)!nent. 

Instead of clay, a bindei* of rubbei*, or of synthetic resin, is used, witli 
e X c‘ c' 1 1 e n t s u c* e e s s . 

Silic*on carlhde wlieels, stones, and (doths ar<‘ black or gi-ay. Products 
which have similar uses are made from fused aluminum oxide, obtained 
l)y firing bauxite; these pro(hi(*ts are yellow. 

Electro-orientationd ’ In the nianu fa(‘turc‘ of so-(*alU‘d sand papc'r, 
which may have sand or ahinduni oi- some other artificial aln'asivc:^, thc' 
deposition of the abi-asive. grains onto tlK‘ ]')aper or cloth l)acking is done 
under the influence of electrostatic cliarges, witli the result tliat all the 
grains adhere to their backings with their sharpest ]K)int uppen-most. 
Further, the grains are more evenly spaccKl. The joint resA.ilt of these 
improvements is tc^ give the abrasive paper about 35 per cent increased 
cutting quality. In the course of applicatic^n the particles are charged 
with high voltage electricity, and move from one electrode to the other, 
rotating, so that their lines of longer dimensions are parallel to the direc- 
tion of force; hence, the manner of seating. Particles so charged repcll 
each other equally, and this leads to equal spacing. The potential applied 
is 100,000 volts.^^' 

It might be remarked in passing that coarse sand paper has 12,000 
gr>ains per square inch, while fine sand i:)apcr has up to 35 million. 

Fused Aluminum Oxide. Another artificial abrasive which is made 
with the help of the electric furnace is artificial emery, a crystalline 
alumina ( AkO.O , known in the trade under the names of '^alundum’’ and 

Chapter 10. 

A branch of Applied TClectrokinct ies. 

12 “Eloctrocoating sand paper — a method for procuring increased abrasiveness,” The Electrical 
Rer>iezu, I^ondon, 118, 121 (1936). 
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''aloxite.’’ The naturally occurring crystalline alumina is corundum, 
which may be transparent and blue (sapphire) or red (rub^^) ; when 
less pure and colored brown or black, it is emery. Its hardness is 9 on 
the scale on which diamond is 10 and graphite 1. Its value as an abra- 
sive is high; the yearly tonnage is about five times the tonnage of the 
silicon carbide (for the United States and Canada). Artificial emery 
contains about 95 per cent alumina ; its color varies from white to yellow 
and brown. 

Alundum is made from bauxite, a hydrated alumina which contains 
iron oxide in amounts varying from 1 to 20 per cent; it also contains 
some silica and other impurities (titanium). The bauxite is first cal- 
cined, then mixed with fine coke and iron borings in amounts depending 
on the silica present, and subjected to the heat of a combined arc and 
resistance furnace. The charge of 21,000 pounds may consist for example 
of 73 per cent bauxite, 5 per cent fines, 3 i)cr cent coke, and 2 per cent iron; 
the bauxite is (here) 78 per cent pure. This furnace, one of a bank of eight, 
is circular 6 feet in diameter and consists of a watcr-coolcd steel shell 
lined wdth a wall of alumina (removable) and fitted with a carbon hearth ; 
two suspended electrodes witli single-phase current furnish the heat. 
The furnace is 7 or 8 feet in diameter and 5 feet deep; the operation is 
intermittent. As the smelting progresses the furnace receives more of tlic 
charge until finally it is full. The electrodes are hung by a cable which 
is wound on a drum, and constantly move up and down, a correcting 
action which maintains the current through the furnace constant. If the 
electrodes dip low, more current enters; the greater current actuates 
a motor, raising its speed, which is translated mechanically into an up 
and down motion. Too little dip means less current and a lower speed. 
As the electrodes wear, the cable automatically lownrs tliem. To vsome 
extent a separation takes place; the metallic impurities (ferro-silicon) 
settle to the bottom, the fused alumina floats on top. The furnace is 
cooled, the removable wnll lifted out, wdiich permits a crane to lift out 
the ingot, weighing about 10 tons. The cycle of the furnace is 24 hours; 
the current 130 volts and oOO kilowntts; the electrodes are carbon. The 
mass is broken, sorted, crushed, washed, and purified by chemical treat- 
ment; it is made into wheels, sharpening stones, and grinding powders by 
methods similar to those which have been described for silicon carbide. A 
considerable portion of the product serves to make refractories, in brick 
and other shapes. 

A pure white and chemically pure alumina crystallized in the electric 
furnace is also made, in fact to the extent of 10 per cent of the total 
crystallized alumina production. It is made from pure alumina (purified 
by the Bayer process, see chapter 18) with no addition of carbon, and 
with graphite electrodes in the furnace. Wheels made from this white 
alumina grind cooler. 

Boron carbide. Boron carbide, a comparative newcomer, is made 

Also diamantin, electrit, lionite, exolozi. 
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by heating boron oxide with carbon in an electric furnace to a tem- 
perature of 2400° C. (4352° F.) ; the product is harder than tungsten 

2 B 2 O 3 -f- 7C = B 4 C + 6CO 

carbide^ silicon-carbide, and crystallized alumina. It is black, and has a 
glass-like fracture. In powder or grain form, it serves as an abrasive 
for special purposes; its main use at the present time is in its molded 
form. When heated to a high temperature under a high pressure, the 
po^vder forms a block, with the shape of the mold; the boron carbide 
liquefies enough to be self-bonding. The nozzles for sand blasting equip- 
ment are made of this molded boron carbide to ad vantage. 


Table 30. — Artificial A-hrasivc Product.^, 19Sd, United States. 


Artificial abrasives 

Grinding wheels S21, 335,222 

Abrasive srains 4,738.419 

Abrasiv'e paper 11,192,055 

Abrasive cloth 6,565,229 


Total artificial abrasive products S50, 122.230 


Calcium C.^rbide 

To the development of the electric furnace is due another substance 
which was not known before, namely, calcium carbide. It is formed 
when lime and coke mixed are heated to a temperature of 2000° C. 
(3632° F.) or higher. Calcium carbide, CaCo, is important chiefly because 
with water it forms acetylene, used for lighting and for the steel-cutting 
and welding torch, but in addition it forms the starting point for one 
of the several methods of fixing atmospheric nitrogen (cyanamid) 

It was in this latter respect that it became of paramount interest to the 
public during the recent war emergency; a plant was constructed at 
jMuscle Shoals, Alabama, which contained very large furnaces. The 
carbide furnaces fall in the class of combined resistance and direct-arc 
heating, that is, the heat is due in minor part to the resistance of the 
I’aw materials and product to the passage of the current, in major part 
to sparking across the charge. 

A modern carbide furnace is shown in Figure 110; the long dimension 
may be 30 feet or more. The charge is 60 per cent lime, CaO, and 40 
per cent coke. The current is applied through three suspended graphite 
electrodes, which are adjustable; an idle electrode is formed by the 
layer of carbon over the bottom. The reaction is CaO 4- 3C = CaC 2 4- CO ; 

XJ- S. IPatent 1,897,214, to Raymond R. Ridgway. 

Trade names for boron carbide are Norbide, Borolon, and others. 

^ Chapter 6. 

13a. The intention was to make calcium carbide, then calcium cyanamide, then by the action of 
steam in autoclaves on the cyanamide, ammonia. This latter w'as then to be oxidized catalytically, 
and nitric acid made. The acid after concentration to 100 per cent was to be used for the nitra- 
tion of cellulose for munitions- In peace time, the acid would serve to make sodium and calcium 
nitrates, which are fertilizer materials. The war ended, before the plant could be put in operation. 
Since then, the method of making ammonia from calcium cyanamide has become obsolete. l^uscle 
Shoals as a power plant is a distinct and separate consideration. 



29S I iV D 7 ^ Ix^ FA I. ( IT ItJ A I /.S TJx* i ^ 

tine carbon monoxide cvolvc^(l was wastcMl at one time, hut is now fre- 
(|uently sav'ed For syntiudie. reaedions. 'The cahdinn carbide is produced 
in tile form oF a melt, and is tapped continuously. JNFo rcd'ractory except 
carbon will w-ithsland molten cai-bide. It is cusiomary, tlua'erorc\ to 
build the Furnaces very la.r<i:e, and to depend upon a thick layer oF semi- 
Fused material as the actual workiipii; linine; oF the riirnacaa In c'onsecpiencc, 
tlie active part oi the furnace is only a sina-ll zcnit' immea Liaiidy surrouncl- 
inp; the electrodes; the active c‘Jiar^e is only a A'C'ry Fc'W tons. 

The i‘a\v ma.terials, limestone an<l coke or (‘oa.l, must be c‘artd*ully 
selec'ted, particidarly iF thc‘ cairbide is to be us(‘d for a(*td \dc‘iu' produc- 
tion. Tlic^ linu'stoiu' should (*.ontain no ]ilu)s] ihatt^s or almost none, lor 
these loi'in ]ihosidii(lcs later \\dii(di on Inirnin^L!; h^aa'c^ a \\dii(c‘ deposit; 
it must be Irc'e From maan(\siinn (*arboiia.t ca For ina.,a;iu‘siuni do(‘s not. lorin 



Pit; cite 110. A carhido 

rurnacc. wil h 1 ll i- (' 
cit'd (•< 

(‘It't'l rot It ‘s, a lul an idle 
OT* ! >t)i I < )ni t'lta'f.rotlt'. 
''TIh' protliid is iappt'tl 
and Iht' opt‘ra.doii is 
con t,iiiut>us, (B a, « i c 
sketch dii(^ to the 
(‘ourtesy ol Iht' Amor- 
i<*aii C t\"aiiaiiiid Co., 
xNt'W ^^ork.) 


a carbide and the prc'sc'ma' oF its oxide in the chai\i»;e (*avises a waste of 
ciu'rent. The cokc^ is hard eoke, washed Free oF dust, scd(‘c.tcal fmddier tor 
low ash (3 ])or cent is very low); antliracdte is nsed in hhip;hind to some 
extent. Were no selc'ction made*, it mi^lit well lia])pen that, thc' carliide 
would \)o so viscous, l)c'c*;uisc‘ ol impurities, tliad. it wouhl not. flow. 

Tlie liciiiid carbide flows into “(‘hill (‘ars'’ oF lOOO pounds ci^)a(*.ity; 
t.hcj carbide contracts on (‘ooline;, so tliat it is rc'a.dily dumpcal. IF it is 
intended For acetylene ]n-o( luction, it passt's throue;li ii piw crusher ; 
then throne'll very slow rolls to ^ive a niinimuin ol dust; tlic^ pieces arc 
screened to size, 2-incli pieces For lai’^e. genera, tin.a; tanks, pea sized For 
miners’ lamps. For makinii; cyanide, tlie cruslied (‘.arbidc^ is sc^nt throuj 2 ;h 
a continuons ])cl>ble mill, which .^ives a ])owdcr, 80 per cent of which 
passes a 40-mesh screen; this then is fed to a tube mill (pebbles), 
wdiich gives 'hnilled carbide/’ 85 per cent of which ]:>asses a 2()0-mesh 
screen. To remove the possibility of forming an explosive mixture from 
acetylene, generated by accidental moisture, with air, the grinding is 
done in an atmosphere of nitrogen. 


CJiapter 44. 
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The crude carbide is 83 per cent CaC^^ 14 per cent lime (CaO), and 

1 per cent carbon; it contains small amounts of silicides. plios] )liicles, 
and sulfides. It will be evident that the raw materials must be care- 
fully selected, wlien it is remembered that there is no slag which can be 
rejected; wliatcver impurities enter the furnace, and are not volatilized, 
will appear in the carbide. 

The electrodes wear away during operation, and the merits of the 
several furnaces must include a reasonably low ciirbon consumption; in 
the furnace? descrilx'd abovc\. it is 70 pounds pei* ton of carbide. 

An important figure is the num])er of pounds of carbide i)rodiiced per 
kilowatt-hour consumed; from the figures given for tliis furnace it is 

2 kilowatt-hours for 1 ])Ound of crude carbi<le; or 4.3 kih^watt-liours for 
1 kilo of crude car]:>idc; exjiressed still ditfereiitly , it is 9.2 pounds of 
l)roduct ]ier horsepower day. Tfie current (tlicieiicy is thc?n about 62 
per cent. 


Oti-ikr Products of tiik Ei.kctrotiifrm.vd Ft rxacf 

The ferro-allcjys are descriljed in the cha])ter on steel. 

Carlion disulfide is a product of an chadrotliermal furnace of sliaft- 
like constructiem ’*’; the materitds are charcoal and sulfur; tlie charcoal 
is fed from tlio top, and is swe}')t })y the outgoing vapors of the i)roduct; 
the sulfur is fed througli channels in the walls to the I.)ase of the furnace. 
The electrodes are placc'd just above the hearth, and the heat is due to 
the resistance of the charcoal to the passage of tlie current ; tliis is there- 
fore a resistance furnace wdth direct heating. The vapors are condensed 
by cold water and the liquid redistilled. Furnaces in which fuel heat is 
a]':)plied arc also in successful use. Carbon disulfide is flammable and, 
mixed with air in certain proportions, explosive; the furnace operates 
very smoothly, however. The "product is of value as a solvent; it is 
used to make carbon tetrachloride, and in the vulcanization of rubber ; 
but its most important use is in the manufacture of viscose silk or 
rayon.^~ 

An electrothermal furnace has been described recently (1932) whicli 
receives sulfur va]:>orized in a separate lower chamber. The furnace 
proper or upY:)er chamber has 2 electrodes; the carbon is fed as charcoal 
with a small amount of broken hard graphite pieces introduced just over 
the electrodes in order to lower the resistance. The carbon mass is kept 
at red heat.=^® 

Othkr PaTEIsTS 

TJ. S. Patent 1,859,856, production of silicon carbide by charo;ins a mixture of 
calcium silicate slag containing 85 per cent combined CaO and SiO- and carbonace- 
ous material into an arc type furnace; 1,872,202, on making calcium carbide, by 
forming briquets of coke, lime, and water, drying and smelting them with additions 

xcr ‘-'The manufacture of carbon bisulfide/^ by E. R. Taylor, the inventor of tJie process, Ind. 
Eno- Cherrt., 4 , 557-9 (1912). 

Chapter 39. 

Chapter 22. 

IS TT. S -Rntprit. 1.849.140. 
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of lime and coke; 1,705,697, 1,705,717, resisiance typo furnace; 1,737,566, electric 
furnace for the production of carbon bisulfide; 1,979,052, ekictric resistance furnace; 
2,005,956, method of making abrasive nicfcal carbides, and apparatus; 1,893,106' 
method and apparatus for electrically fusing nonconducting materials. 

Problems 

1. The charge for a furnace run for making silicon carbide is 32 tons of mixed 
materials, coke, sand, and sawdust, in the yn'oportions specified in. the text. 16,000 
pounds of crystals of silicon carbide are obtained. Let the sand bo 98 i^er cent SiOa. 
What percentage of the total possible product is the amount actually collected? 

2. A calcium carbide furnace produces 48 tons of crude carbide, 85 per cent 
CaC: 2 , per day. The current is 130 volts, 60,000 watts. Find the kilowatt hours 
for each pound of crude carbide, and for a x^ound of 100 per cent material. What 
is the horsepower-day per pound? Use the appendix for conversion figures. 

3. What is the yield of carbide in Problem 2 on the basis of the lime used, if 
the lime is 97 per cent CaO? 

4. The heat effect in the foi’niation of calcium carbide is included in the reac- 
tion below: 

CaO -h 3C = CaCa + CO + lOS.O Calories. 

Changing thcssc to kilowatt hours gives a theoretical energy consumption of 1.96 
kwhr. x)er kilo of CaCe. This is on the basis of 100 per cent current eniciency, 
and for 100 per cent carbide. It also refers to room temperature, while in practice, 
the reaction takes place at near 2000® C., necessitating, a higher consumption of 
current for heat production, and making up for heat losses by radiation. At 50 
per cent energy efficiency, the figure becomes 3.92 kwhr. per kilo of ])rodtict. The 
consumption given in the text is somewhat higher. Cheek all tlu^sc figures; 1 kwhr. 
= 860.5 Calories, which figure should also be checked by the sliidont. 
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CheTuical decoTnpositions may be hr ought about by the electric cur- 
rerit at high temperatures^ irt a hath of fused salts^ as 'well as at low 
temperature y iri water solution; in such cases ^ the electrolytic cell may 
well be called an electrolytic furnace. Another modified application of 
the cell permits chemical changes consisting of ox-idation, rather than 
decomposition as is the case of the manufacture of caustic soda. Both 
these applications have, in the hands of the chemical engineer, yielded 
new commercial products ^ or cheapened some already hnorvn. 


Chapter 18 

Products of the Electrolytic Furnace, Aluminum, 
Magnesium, Sodium; and Products of the Elec- 
trolytic Cell Other than Caustic 

The decomposition of salt in water solution, resulting in the forma- 
tion of caustic soda and chlorine, by passing direct current through the 
cell, is the most familiar instance of electrolytic decompositions.^ Fused 
salts, free from water, at temiieratures which may be red heat and 
higher, are similarly decomposed. The attempt to treat fused sodium 
chloride in that way resulted in failure until the advent of the Downs 
cell, a recent development. The electrolytic decomposition of aluminum 
oxide dissolved in fused cryolite (AlFs.SNaF) has been completely suc- 
cessful and constitutes the present method for the manufacture of alumi- 
num metal ; a similar lorocess serves for magnesium. The electrolysis 
of fused salt is the modern method of manufacturing sodium metal; its 
comparatively low' price permits its use for the prex^aration of a number 
of materials which could not otherwise be made, including sodium T:>eroxide 
and sodamide. 

The three processes just given are straightforward decomposition 
reactions, by the direct electrical current; another type of reaction is 
performed in the electrolytic cell, chiefly wuth hydrous electrolytes, namely, 
that of oxidation, at the anode. Examples are the change of sulfuric to 
persulfuric acid, of manganates to permanganates; these are presented 
later in this chapter.^ 

Alxjmixxjm 

The electrolytic process for the manufacture of aluminum w'as in- 
vented by an American, Charles M. HalL^; at about the same time, the 
French inventor Heroult devised essentially the same process. Pre- 
viously, aluminum had been made by the action of sodium metal on 

^ Ohapter 5. 

2 Oxidation may also be consiciered. as a partial loss of electrons on the part of a negatively 
charged ion, at the anode (the plus pole). 

3 XJ. S. Patent 400,665 (1S89) ; the Hall process was made possible by the use of the Cowles 
internally heated furnace. References to the famous litigation which grew out of this circumstance 
will be found in “The law of chemical patents,” Edward Thomas, New York, ID. Van Nostrartd 
Co.. 1927. 
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(‘ryolite iuul oHum- (lt>iiblo stills of tihiin iiuiin ; liu' (*ost was l>oc‘ti\isc 

s.ocLiinii tit tluit wtis nitidi' 1)\' ri'iliiciiiji; soiliuin oxidt^ l)y luctiiis of 

coal ill retorts, lii'oi luct ion wtis small. 

'"Fiio ok'cd roly t i(* i'unitirc' in llu' JItill pro(*i‘ss oiKaailos at a Uaniiertiiure 
of 950“ O. (1742 ‘ h\) It p:Lrta.kc\s of tlio clitirtict cn* of tin c‘lc‘(*trio fuv- 
nti(‘C‘ and of tin el lad' roly ti<* tadl ; a })art of tlu' (aimnit is transfoi-mcd 
into heat liy the i*esistan<‘e of the intileritils in ihe^ <‘hti,rL!;c', iuniec' the. 
furnti(*c^ must l)e cltissc'd anion^’ the i*esistaiu*c' furna(*(‘s with dii‘C‘(*t lieat- 
in".*^ By means of this heat, a melt is formed wliich sulTi'rs dt^eompo- 
sition by the ]nissa”;e td’ mi.n-c cairreiit. No outside^ lu'tit is. iH'(a‘ssary, as 
was tlioii< 2 ;ht in the early days of lh(' i>rocess. 

The raw material elecdrolyzed iimtlie fiirnticc' is tiluinininn oxide, 
Al-_>C):^, dissolved in i*ryo]itc\ AlB:i.3Nah^; tlu^ hit ten- is obtaiiu^d from 
Circenland ^^'hore extc‘nsi\a' dc‘posils oca-in* ; in (h‘rnia,n\', tiu' dennand is 
ii;roat enonu;li to pen-init the inanu faeture of an arrifi<‘ia.l cryeditm ddie 
alumina must bc^ very {mre; it. is ma.dc' from bauxite' b\' \'arioiis jiroe- 
esscs, of wdiieh the l^ayin' is the bi'st Ivuown. ddiis jjroei'ss e-onsisls of 
roastin.ii; the bauxite in ordc'r to eU'strov or<>;ani<‘ mat ten* and te) eixielize 
llie? iron; this is followenl by di<i;e‘stion with eniustie*. soda se)hit.ion; tlic 
alumina dissolves. 'The lie[ue>r from the di<j;c'stcn- is elihited in orikn- to 
preci[)itate all the iron, and liltereeL; the eknir filtrate, eeintainin^ sexliiim 
alliminatc, is aa;itate(l with prc‘cii)itateel ahimina, freim a prc‘\dous bat(*h, 
when about 70 ])er cent of the elissolveel alumina, in-cnd] vit at es.^' ^Idris is 
in turn filtered; the solid is driee.l and ealcinc'd, and is tluni the' pure 
alumina ready for tlic eloedrolytio furnaec'; tlu' filtrate' is e-oiu'cntra-lcd, 
decanteel from the v^odiuin silicate whirdi separate's e)ut. in thc' strong 
caustic, and used over again. 

The furnace consists of a. stec'l box S feet long, 4 fee't wielt', anel 4 
feet high, sometimes mounted on ro(*.kers se) that, the whole furnace may 
be tilted. Tlie ))ox is lim'd with fire-))i*ieks, and thc'st' arc' c'ovt'rc'd with 
a carlxni lining; in the bottom, sc*vc'i*al carbon bloc'ks arc', buried in the 
lining; both lining and tlio earlion Jilocks c'ondncd; tlie eui’rent. Tlic 
liottom is sliglitly inclined so that the moltc'ii mc'tal can bc^ run to a 
ta}! hole. Tlic fused cryolite i>s contained in thc'. spa,<*e l)e(\vc‘C'n t.he lining 
of tlie sides and liottoni; tlic aiiodc's arc'; suspendc^d from a.bc)ve and may 
be lowered as tliey wear; they are made of luird C'.arbon gc'nerally. 
During operation, thc bottom is covered by melted a.liimiuum, wdiicli 
forms tlie cathode; thc anodes are lowered to witliin 2 inches of the metal. 
The number of anodes per furnace varies between 4 and 12, arranged in 
single or double row; they vary in cross-section between G and 12 inches 
square. The number of furnaces variCvS with thc^ size of the plant; they 
arc usually arranged in banks of twenty-four. 

Alumina is added to thc fused cryolite at certain intervals; the 
maximum content of dissolved ahunina is 20 per cent, and it is not 

Chapter 17. 

^ Chapter 2. 

« Cherrt. Met. ILiig., 19, 807 (1918). 
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allowed to drop below 10 per cent. The melted cryolite is covered with 
a blanket of ahiininaj so that the surface of the cell }>resents a white 
a]:>pearance, witli no liquid visible. A certain amount of fluorsparj CaF^^ 
is also added in order to lower the fusion point. The density of the 
melted cryolite must bo kept lower than that of melted aluminum, other- 
wise the metal does not collect on the bottom.'^ The reaction is primarily 

AbO:= = 2Ai -h 30 ; (1) 

but tlie oxy^zicn attacks the anode forming; car])on monoxide,’"^ so that the 
total reaction is 

Al-.O;: H- 3C = 2Al -f- 3CO. (2) 

The carbon monoxide passes out through the cryolite to hoods placed 
abo^'c the furnaces. The decomposition voltage for alumina iit 915" C., 
dissolved in fused cryolite^ and reacting as in (.2), is 2.03. The normal 
drop in voltage per cell is 6 to 7 ; a rise indicates that more alumina is 
necMled; a slow evolution of gases at the surface indicates the same thing. 

Adding alumina to the fused cryolite lowers tlie latterV density, 
hence favors the clean settling out of the metal. If it is neglc‘ctod, some 
of the metal will be carried upward by the gases, to the anode, there 
to be oxidized by the atomic oxygen, forming alumina again: the current 
efficiency ^ would thereby be lowered. This happens to some extent at 
all times, as well as other disturbances, so that a current efficiency of 
70 per cent is considered good. The ainpcuaige is 7000 and more; each 
furnace is tapiied once a day, giving 120 pounds of metal i)er day, fc^r 
the 8 by 4 by 4 unit. 

Aluminum is prized ])ecausc of its low density, its resistance to cor- 
rosion, its good electrical ccjiiductivity , and its pleasing color, resembling 
silver. These x^ropcrtics have led to numerous uses such as for the 
construction of airshij^s, chemical vessels, kitchenware, electrical trans- 
mission lines, and motor car parts. The avidity with which aluminum 
combines with oxygen has led to its use in deoxidizing Bessemer steel, 
and in the thermite process.^® 

The strength of aluminum is greatly increased by the addition of 
small amounts of other metals, and heat treatment. Duralumin is 

such a '^strong alloy’’; it contains 4 per cent cox-:>per, 0.5 i^er cent mag- 
nesium, 6 i^er cent manganese, and the silicon and iron prQseat in the 
aluminum from the furnace. The alloy is heated to 500° C., quenched, 
and aged 4 days; the resulting bars have a tensile strength of 60,000 
l^ounds iDer sciuare inch, eciual to that of medium steel, and double that 
of the furnace aluminum. Another alloy is alpax, with 13 i:)er cent sili- 
con, the rest aluminum.. 

Aluminum bronze is an alloy of copper with not more than 11 per 

jMolten' aluminum at 950° C. has density 2.36; solid aluminum, 2.5S; fused, cryolite Cinapure) 
959° C. has density 2.17 ; solid cryolite, 2.9. 

® Carbon dioxide is also formed, so that the consumption of carbon, is not quite as high as 
indicated by the reaction given. 

® Chapter 5. 

10 Chapter 48. 
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cent aluminum. Ma^naliuin is aluminum with 10 to 20 cent mag- 

nesium, an alloy lighter than aluminum. Irately it has been found 
that 0.02 i3er cent sodium increases the strength of aluminum-silicon 
alloys, favored for castings; and methods have been developed for making 
99.98 per cent aluminum metal from less-pure metal. The usual com- 
mercial grades for aluminum metal are No. 1, 99.55 per cent Al, and No. 2, 
96 per cent Al. 

The method below illustrates how even very slight differences in prop- 
erties may form the basis for successful large-scale operation. An elec- 
trolytic bath of cryolite, fused, is used, to which certain amounts of 
barium fioride are added, to adjust the density. Impure ahiminum is 
too heavy, and forms a bottom layer; pure aluminum is ligliter by enough 
so that it floats on the top of the cryolite bath forming an uj^per layer 
which can be removed. The imxmrities stay in the bath. Ry this j^rocess, 
99.947 x^er cent aluminum is j^roduced. As with many other metals, the 
resisting in'operties of this aluminum are superior to thosti of the k*ss-purG 
varieties. 

The x^roduction of aluminum in 1935 was 119,295,000 ])ouiids, valued 
at 18.5 cents a jjound. In 1929 the xnnduction was nearly twice us great. 

MAGKKSIUlvr 

Metallic magnesium is made by the electrolysis of fused magnesium 
chloride, usually containing jootassium or sodium chloride, wliich lower 
the fusion iDoint, and are unaffected by the current in presence of the 
magnesium salt. Tlie magnesium chloride may be obtained from mother 
liquors from natural or artificial brines; or fused carnallite may be 
used. The apparatus consists of a cast-iron vessel, unlincd, and set over 
a fireplace w'ith oil burner, so that heat may be ax.:)|)licd x:)art of the time 
or all the time. Anhydrous carnallite MgClo.KCl melts at 460"^ C. 
(860° F.), and magnesium metal melts at 650° C. (1202° F.). The cell 
is operated just above the latter temperature, so tiiat globules of mag- 
nesium form which rise to the top of the fused chlorides. The pot is 
the cathode, and is connected metallically to a secondary iron cathode, 
a cylindrical sleeve surrounding the grai:>liite rod in the center of the 
melt, the anode. By means of a proper construction, of the cathode 
sleeve, a circulation of the melt can be set \ip which aids the rise of 
the globules; they reach an annular gutter facing downward, set in the 
melt near its upper surface. The metal is withdrawn from there, after 
it has cooled enough so that it no longer takes fire when exi>osed to air. 
The second product of the electrolysis is the chlorine; given an anhy- 
drous feed to the cell, the corrosive action o'f the chlorine is reduced, and 
it is successfully handled. The decomposition voltage for fused mag- 
nesium chloride at 700° C. is 3.01 ; the operating voltage 5 to 6. 

Magnesium metal is also produced from a bath of fused magnesium 

^Ind. Brto. Chern., 18, 924 0926). 

^ XJ. S. Patent 1,851,817. 
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fluoride to which calcined magnesium carbonate is added at a constant 
rate; the fluoride is not consumed because its decomposition voltage is 
ten fold that of magnesium oxide. Magnesium is purified by distillation 
in an atmosphere of hydrogen; it congeals at the upper part of the tall 
retort in large lustrous silvery crystals. When using materials free from 
heavy metals, no purification is necessary. 

Magnesium has a specific gravity of 1.74 at room temperature, still 
lower than that of aluminum. Its chief uses are as an alloy in aero- 
plane construction and for a flushing of radio tubes, which it scav- 
enges, removing even traces of gases which pumps and charcoal could 
not remove. Among its alloys, magnalium is described under aluminum; 
another is Dow metal, 95 parts Mg, 2 parts Cu, 3 parts iNi. Both are 
aeroplane materials. Magnesium is also used as a flashlight powder for 
photography, for flare bombs in the navy. 

In 1935 there were sold or used by the U. S. producers 4,241,218 pounds 
of new magnesium in ingot form; value per pound in 1934 was 26 cents; 
in 1929 the production w'as only 1.3 million pounds, the amount sold or 
used 908,351 pounds. 

SomuM 

Sodium metal was made originally by the electrol^^sis of fused caustic, 
with the metal as the sole product. Cells holding 250 pounds of melted 
caustic with a central iron rod as cathode, surrounded by a nickel per- 
forated cylinder as anode, were operated within the range of 315° to 
320° C. (599° to 608° F.). The current efficiency was 45 to 55 per cent, 
the voltage 4.5 to 5.5 per cell. The total reaction in the cell may be 
written: 4]SraOII = 4jNra (cathode) H- 2 H 2 O -h O 2 (anode). 

The method for the manufacture of sodium metal to-day is the 
electrolysis of purified and absolutely dry fused salt NaCl. Sodium made 
directly from salt is much cheaper than sodium made from caustic, since 
the latter is itself a manufactured article, while salt is found in nature. 
Besides, a second product, chlorine, is obtained, and in a high state of 
purity. The Downs cell operates on fused salt. The operation is con- 
tinuous; the sodium produced is collected in a separate compartment, and 
withdrawn from there periodically. The chlorine is sent out free from 
moisture. Several details of its construction are shown in Figure 111. 

At the carbon anode, 1, the chlorine gas is evolved, and is collected 
in the dome 3 ; it passes out under its own pressure. The cathode, 2, is 
an annular iron or copper piece, which surrounds the circular anode. The 
cathode is hooded by twm metal screens. Sodium metal is generated at 
the cathode and is collected in the sodium collector marked 4, just above 
the cathode. The melted sodium is lighter than the fused salt, and rises 
readily. The collector is provided with a riser 5 which delivers the 
sodium to a closed compartment, from which it is withdrawn at stated 

^'Chemische Technologie d.er Leiditmetalie und. ilirer Legierungeii,** F. Regelsberger, Ueipaiig, 
Otto Spamer, 1926. 

TJ. S. Patent 1 , 501,756 ( 1924 ), to J. C. I>dwns. 
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iiitevvalH. Tlic level of fused salt in (he*, bath is niaiutuined hi.e;li enough 
to force the eoliunn of sodium along; the delivery arm in tlu‘ riser. Fresh 
salt is introduccNl at 7, and as it fuses it loses any water it may c'ontaiii, 
which passes out to the room. 

Sodium cldoi'ide fuses at 800'’ Ch (1472"^' F. ) , but tlic^ (*('11 is oiperated 
at a lower tc'ni[)eratiire, siu'h as (>(.)()“ O. <1112 ' F. ) , thanks (o the addi- 
tion of materials to the l.>atli which do ncjt sidTer decomposition. This 
hnver temperature avoids, the sodium metal fog whi(‘Ii iKilIk'd all c'fforts 
at collection of the metal produced. Fdirthermore, at such lowc'i* tempera- 
ture, the ceil has longer life^ and tlie chlorine is liandlc'd more.', c'asily. 
A certain amount of liydride of sodium (a wliite solid) forms, and gives 
rise to small explosions. The current efficiency is higli, a])()va^ SO per 



Pi (JUKI-: 111.- Tin' I^owns (‘cIl, 
pr()( hi (“iiijj; nuSii Hie. sodium 
froiH s;di . 1, iiiiodi' ; 

2, iron eathodf*; doni<' for 
e.scai ling clilorinc ; 4, nnnu- 

lt.ir sodium colh'ct or. 


cent, and the cells are as large as ‘‘2(),()()() tunpc'rc's units.” ^Idu'. decom- 
j[>osition voltage foi’ fused NaCd at bOO'"' Ch is 3.93; o] )('ra.ting‘ voltage*, 7 to 
8. The .Oowns cell is an 7Vmcric*an invention, and its worth was ]>vovecl 
in American ]')lants; since 1929, it has been adopted in ( formany. 

An electrolytic cell-furnace for sodium, wliich is reported in succ'cssful 
operation in Ocrinany, lias a long knife- like iron cathode running longi- 
tudinally in the centci' of the cell, with an internal slit-like jiassage for 
the upward trip cjf the sodium nictal, and an inclined cover piece, also ]:>art 
of the cathode, to deliver tlic molten metal to an outer recci)taclod‘^^^ 

Sodium sells at 20 cents or so a pound. It is a soft solid, and is 
shipped in the form of .12-pound bricks, packed in air-tight drums. 
Sodium is an industrial chemical ; it is the raw material for sodium 
peroxide, sodium cyanide, and is the basis of the lead alloy used in manu- 
facturing tetraethyl lead; it may be used to improve the structure of 


U. S- Patent 1,S20,844:; of iuterost also 1,074,988 and 1,092,178. 
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various alloyS;, to purify molten metals, in organic manufacturing con- 
densations and reductions. It may. be made into a chlorine-free sodium 
hydroxide, by adding the metal, with suitable precautions, to a concen- 
trated hydrous caustic solution. The i:)roperties listed in Table 31 may 
lead to other api)lications.^^”* 

Xahij-: 31 . — l^hysU'dl Propr ri of Yariou.^ FhihJsi Suitable jar Transimis^iori of 

fltdi I iK'liiditig (dttllic Sodiiiai. 


Property 

S( nUuin 

IMeroury 

Tin 

IMein-dlt^ne 

Oil 

riiplienyl 

(CoBTr.):! 

Water 

rv-Ieltiu”- iioiiiT, C'. 

97.5 

38.8 

232 

0 = 

69 

0 

760 nun 

883= C. 

357 

2270 

300 = 

255 

100 

75 mill 

13 iiiiii 

l)eii.sit\', unis. /ft* 

077 ' C;. 

505= O. 

0.834 

12.9 

G.93 

0.91 

.85 

0.998 

c 98-883= C;.) 

C 100-40«»=) 

(232-400=) 

(20=) 

(255=) 

(20=) 


1.04 


Den.sitv, Ibs./^al 

6.9 

107 

.57.5 

7.6 

8.7 

S.3 

Specific heal, eal./j^m... 

.33 

.033 

.058 

0.5 = 

.550 

1.0 

(100= ('.) 

(20=) 

(250=) 


(300= ) 

0.0013 

Thermal oomluclivitv 

0.21 

0.02 

0.15 

0.004 

.... 

\'i.scu.sit.\- coofllciont 

.... 

0.01 

0.01-i= 

l.O-t: 


0.010 



(200-300=) 

(250= ) 



(20=) 

Ih*at of vaporization. 





539 

ciil./"m 

1100 

65 

621 


74.4 

Sodium Peroxide. 

Sodium 

peroxide 

FTaoOd, 

a while 

X)Owder, i 

s made 


in two stages. First, the metal is i)laced in a re\a)lving steel drum with 
dehydrated air ])assing over it; there is formed sodium oxidc', N'a-O. 
This white i:)Owder is transfe^rred to a second revolving drum sc*t in bi*ick 
work so that heat may be applied; dry oxygen is |)assed into the hc^ated 
drum, until no more is absorbed. The })rcjduct now is the i)eroxide, 

It is valuable as an oxidizing agent for a number of minor chemical 
oi)ei*ations ; it serves to make hydrogen peroxide, metallic ])e]*oxides. 
perljorates, and other '"per” comiuiunds. It has gained in im])ortance of 
latc' years because it is used in the manufacture of benzoyl ])eroxide, called 
Fucidol,^^" the bleaching agent for white flour. The benzoyl peroxide is 
made from benzoyl chloride and sodium peroxide; it is a white powder. 
2CuHr. . CO . Cl + Frao02 = Cr.Hn . CO . O . O . OC . C<;H.-. d- 2N^aCl. For 
use in the flour mills, the benzoyl peroxide is diluted with calcium i:)hos- 
phate, and is then called ISTovadeloxd” X^'he ay^plication is by running in 
a small stream of ISTovadelox into the regular stream of flour from tlie 
spout, as delivered to the bins; there is no other mixing. After a day. 
the bleaching agent has done its w’ork. It is used in such small amounts 
that no trace of it can be found by chemical means. 

Sodamide. Sodamide, NarSlIIo, a solid, is made by the action of dry 
ammonia on metallic sodium; it is important in the synthesis of indigo. 
Heated wdth carbon to 800*^ C. (1472^ sodamide is changed to 

sodiii'tn cyanide, ISTadST, 

2ISra]Nri-Io+2C == 2NaC]N' H- 2Ib, 

Sodium lias been used as a liquid partly lllling the hollow stem of the valve in an aeroplane 
motor, in order to di.ssipate heat which otherwise would have no escape. 

U. S. Patent 1,380,334. 

U. S. Patent 1,381,079. 

Chapter 28. 

^ German Patent 148,045. 
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which is run off as a liquid from the furnace and may be cast into con- 
venient shapes (cyanide egg). It is customary to combine the two steps 
when making cyanide, and to place sodium metal and carbon as char- 
coal in the covered reaction pots (iron) and pass in the ammonia gas. 
Heat is applied from the outside; the hydrogen is allowed to burn on 
reaching the air, or is sent to a gas-holder for re-use in making direct 
synthetic ammonia. 

POTASSIXJiVr Permaistgakatk 

The step in the manufacture of permanganate which may be i^erformed 
in an electrolytic cell is the change of potassium manganate, K:2Mn04. 
green in color, to potassium permanganate, wliicdi is fcmI; this 



aiiude ; 2, inlet 
y)ix>o for liquor, foriiiinji: ulso 
cathode ; 3, sulfur insula- 

tion ; 4, outlet, for liquor. 


change is an oxidation and takes place at the anode. The litpior at the 
same time becomes alkaline, due to the formation of potasshiin hydroxide. 
A cell which has been found suitable for this oxidation is shown in Fig- 
ure 112 . The changes may be cxi)resscd in three reactions, which are sum- 
marized in the fourth: 

HsO O -P21I 

2K2Mn04-f- O 2KMn04-+-K20 

KaO-f-HaO 2KOH 

2KoMnO 4-+- 2 H 2 O 2 KM 11 O 44 - 2KOfl 11-i 

This consideration has led to the term “anodic oxidation.” Expressed 
in terms of ions, the manganate ion lS/Lii04r loses one electron at the 
anode, and becomes IVInO^”, while at the same time one potassium ion 
is discharged at the cathode and becomes potassium metals which 



309 


18 . PRODUCTS OF ELECTROLYTIC FURNACE AND CELL 

reacts with water to form potassium hydroxide and hydrogen; tw'o hydro- 
gen atoms pass off as one molecule of hydrogen gas. 

2Iv'^ + Mii04~-f-U20 K‘^-l-Mn04~-l-KOII + H 

The complete process of manufacture comprises a fusion of manga- 
nese dioxide, JVInOo, with a caustic potash, KOH, in a muffle furnace with 
circulation of air, wdien the potassium manganate forms. The product 
of the furnace is leached, and the solution, after a treatment to remove 
most of the excess caustic potash, passed through the cell. The potas- 
sium x^ermanganate is so insoluble that some of it separates in the cell, 
on concentration, another part is obtained. 

Another procedure index^endent of current consists in passing carbon 
dioxide into the manganate solution, wdth the production of permanga- 
nate and hydrated manganese dioxide (artificial pyrolusite) as a by- 
product. 

3K2Mn04-h2C02 = 2KMn04-f-Mn02+2KoC0i 

Potassium di chromate may also be made with the aid of the electro- 
lytic cell. In general, however, it is made in the standard way. The ore 
chromite is crushed, powdered, and fused with alkali carbonate; the 
cooled melt is leached, and the chromate obtained. The dichromate is 
made by treating the chromate with mineral acid. 

Chromic acid in red crystal form is made by treating the chromate 
or dichromate with sulfuric acid of high concentration, and filtering 
through filtros or wool felt. 

Ammonium Persulfate. Ammonium persulfate, (i>TH 4 ) oSoOs? a white 
crystalline solid only slightly soluble in water, is made by the electrolysis 
of a water solution of ammonium sulfate containing sulfuric acid. The 
anode is a small platinum plate (hence high current density) , the cathode 
a larger lead plate (hence low current density) ; the bath is kex^t cold by 
cooling coils in which brine circulates (10° C.) . The ammonium persul- 
fate appears at the anode where it precipitates. This product is useful as 
an oxidizer for many minor purposes, and as a solvent for silver in 
photography. 

Hydrogen Peroxide By Electrolysis. Hydrogen peroxide, HoO^, is sold 
in the form of a water solution, in strengths varying from 3 to 30 per cent. 
It is made by the hydrolysis of persulfuric acid, HoS^Os, obtained by 
anodic oxidation of sulfuric acid at low temperature. Another way is by 
the intermediate formation of ammonium persulfate, and subsequent treat- 
ment with sulfuric acid to form persulfuric acid, which is then hydrolyzed, 
after the hydrolysis, the hydrogen peroxide formed is distilled under 
reduced pressure. The ammonium persulfate method has been developed 
into a continuous process Ammonium sulfate and sulfuric acid in the 
proportions to form ammonium bisulfate (IsH 4 )HS 04 Q-^e electrolyzed 
cold, forming ammonium persulfate at the anode; the salt is removed and 
distilled rapidly with sulfuric acid, at reduced pressure. Hydrogen peroxide 


20 U. s. Patent 1,234,380. 
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and water pas^; over. The residual licpiid is cooled and used over again 
in the colls; iuninoniuin sull'ate \vhi(‘h st\parates out as a solid is also used 
over again. Thecn'etieally at Icaist^ only water and current are ca.)nsuuicd. 
The rc‘a(dic)ns arc; 

2N H di SO , — (Nil,) >s I 11:=; 

(N11.,):,S:=Oh II=S(>., =--= .IhS:=()s 4- (Nri,):=SO,; 

lk.S:=Os -h 2100 = 2H:=8(), a ro< )=. 

Another nudliod for the preparation of liydrogcai pta-oxidc is the 
barhi/ni .perox'ide incf hod, whieli retains some iiuportaiu*e only bc'cause it 
lias, a salable hy-product, lilane. fixe. Barium oxide is lu*atcd to (>()()'-^ Ch 
and dry air passed over it; barium peroxiile, Ba.( )i!, is t’ornu'd. Both the 
oxide, I^aO, and the peroxide are white solids, ddie pcM’oxicU' of barium is 
hydrated by a special steam trea.tment, produc‘ing a crc'amv Iliiid c'sscai- 
tially of formula BaC )i>.SH:»(). ddiis is mixc^l with a mixtuiu' of onc'-lliird 
pliosidioric acid hi dilute sulfuric. ac*id in a large' tank, lilx'raliiig hydro- 
gen peroxide iind precipitating liariiiin sulfaU' or bhiiu* fixc'.-' ''Flu' latter 
is filter-pressed, washed, and sold wc't to paper mills. solution of 

hydrogen peroxide is adjusted to }ir{)i)er strength by disl ilhit ion. 

A commercial strengtli of liydrogc'ii ]>eroxide solution is known as 3 pea* 
cent Hl> 02 , or ‘'^10 volumes,'’ which inc'ans tliat tlu' solution will lilx'ratc', 
under standard specified c*onditic)ns, oxygen to thc' c'xtc'id. of It) tinu's the 
volume of the solution; thc 30 per cent strength lil)eralc‘s 100 \a)luuu‘s of 
oxygen, and is ])roperly designated “100 volume’’ jieroxidc'. 

A third method for making hydrogen peroxide c*onsists of ti’C'ating 
sodium i)eroxidc in solution with sulfuric acid; a strongc'i* gra<l(' is ol)- 
tained by this method, in thc first solution, ddie sodium sulfate formed, 
unlike the barium sulfate, is soluiile, and is remo\'ed from solut-ion by 
bidding s(^dium fluoride and ('.ooling to — 2'''^ Ck, under wlu(*li cemdilions 
thc sodium sulfate separates out. Thc finislied i)roduct still contains 
about 3 per cent of mineral matter, whi<*]i, liowev('r, doc's not gi'iK'rally 
interfere with its aj^plicatians. 

Thc uses fo]’ Iiydrogcn ]Kn’()xi<le are. incrc'asing at a, ra}>id rate; it servos 
as a bleaching agent, e. g., in the felt luit industry; it may be used for the 
mamifaeturc of metallic iH'roxides, and like sodium i)er()xi(le, for making 
“per” salts. It is being manufactured at thci rate of ina,ny tons a day. 
The 30 per (*c‘nt HmjOo grade, on c-outiaict, sells for a})oiit 20 cauits a pound. 

( )T 1 1 Kit P ATK N TS 

IT. S. Pjitcnt 1,839,75(5, cn\ an a]a>x.rat.iis (<*cll) for ('loc.l.rolyizing fiist'd NaCl, 
a.nd 1,82(5,773, on. thc^ int^Miod of salt fcK-d; on collc'clion of iiia,giu\siuin in the 

German Patcml.s 344,427 and 302.024; on the elect, rolvsis of NTaX)!! for sodium, 
German Patents 344,427 and 302,024; IT. S. Patent 1,875,700, e.lect rolysis of molten 
magnesium chloride; 1,820,022, ]>rodn<;tion of metallic; magnesium by (dc'ctrolysis of 
fused MgCb; 1,878,939, metallic; ahimimim by thc;rmal rodiud-ion of oxi<le ores; 
1,833,806, electrolytic refining of ahunimirn ; 1,770,940, chemically |>ur(' alurniiiiiin 

by electrolysis; 2,021,384, removal of acid from peroxide vsoliitions, to Josex^h Ilei- 
chert; 2.008,726, storing and liamlling hydrogen peroxide solution ; 2,004,809, 2,022,860, 


Chapter 31. 
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on stabilizing; hydrogen peroxide ; 2,017,440, on hydrogen peroxide x>iirification ; 
2,022,650, on hydrogen peroxide process; 2,054,303, on the reaction of sodium with 
h 3 "drocarbons, to Norman D. Scott; 2,065,744, on the production of wsodium per- 
boi’ate. 

Pkoblems 

1. An aluminuni furnace is to ])roduce 120 5 >ounds of metal per day. How much 
aluminum oxide will he required, if the ^deld is perfect, and how much carbon will 
be consumed? 

2. A brine contains 3 per cent MgCb. In order to produce 1 ton of magnesium 
how nian^" gallons of brine must be concentrated, and how much chloride must be 
fed into the cell? The recoveiy in each case may be assumed 100 per cent. 

3. A cell i)rcjduces 600 pounds of sodium. The feed is continuous, and steady' 
oyer the da^’. How iniic'h NaCI per hour must be fed in, and how many pounds 
of chlorine are collected? Let the chlorine rccovcuy bo 91 per cent. 

4. The docomi)osition voltage is found by the simplified expression E = Q in 
gram calories times 4.1S34 965S0 X E is tlum in ^mlts:; a is the miinbcr of 
gram equivalents in\m]ved. Q is the heat of all the substances invoh'cd in the 
reaction; the heat is positive for the substances on the left, negativ(> for those on 
the right. The calories obtaineni by multiplying the mole heat (s])ecific heat X 
molecular weight) arc deducted from the Q value originall.y found; the reduced 
value serves to com})utc E. 

For fused salt at 600° C., the figures are: (97,700 calori(?s — 585 x 12.0 = 90.680) ; 
this X 4.183, then, divided by 96,580 gives 3.93e. 

5. The heat of formation at 15° C. of MgCl- is 151.0 Caloric's. Its rnol heat 
18.5. Klcctrohdic decomposition is V)erformod at 700° C. 'Whaf is the decom- 
position voltage, remembering that ri = 2? 

6. The heat of formation of AbO;? is 378 Calories. Tlu' heat of ff>rination of 
CO is 26.2 Calories. If electrolysis lakes ])lace at 915° C., and tlio mol heat of 
alumina is 20.4, what is the decomposition voltage? 

7. What are the theoretical weights of the metals df'pfJ^hed pc'i* Faratiay (96.580 
coulombs) for the cases in Problems 4, 5 and 6. and what arc' the weights of thc' 
several, salts docomiu'ised })y one Faraday*? What are the actual weights, taking 
into account the currc'nt ('tficiency stated in the text? 


RkADI X G ReFEKE X CES 


'‘Aluminum — manufacturing i)rocossc's used in .Europe.'’ O. Nissen, Chon. Met. 
Eng., 19, 804 (1918), ,with 28 illustrations. 

‘Tifty vears progress in aluminum,” J. D. Edwards. Ind. Enq. Chem., 18, 922 
(1926). 

‘'The imnciples of applied clcctrochomistr^x” A. J. Allmand and H. J. T. Elling- 
ham, London, Edward Arnold & Co., 1924, p. 520-528. 

^'The magnesium industrv,” John A. Gann, Trans. Am. I list. Chem. Eng., 24, 
206(1930). 

‘'Motallurg.y of aluminum and aluminum alIo.ys,” R. J. Anderson, New York, 
H. C. Baird Co., 1925. 

“Hydropower for the production of aluminum,” Janies Wb Rickc\x Trans Eire- 
trochrm. Sac., 70, 185 (1936). 

“Recent advances in the aluminum industry/'^ Francos C. Fraro^^, Tratts. Electro- 
chem., Soc., 70, 131 (1936), mainly application.^ to construction. 

“The handling of sodium on the industrial scale with examples of its use in 
chemical reactions,” P. J. Carlisle. Trans. A?n. Inst. Chcyyi. Eng.. 31, 316 (1935). 



The zitilization of gases on the industi'ial scale is one of the tniiinphs 
of present-day chezivical engineering; the seaznless steel containers in 
'which some of them are transported , xtnder pressure, are familiar sights\ 
on trucks and railvoay cars. Gases serve as chemical agents, refrigerants, 
anesthetics, disinfectazits: they also serve in heverages, for flames, and) 
to stifle flames. 


Chapter 19 
Industrial Gases 

The gases included in this chapter fall into two groups: hydrogen, 
Ho, helium, He, oxygen, O2, nitrogen, Ho, and argon, A, the less easily 
comx^ressible gases; and chlorine, Clo, sulfur dioxide, SOo^ ammonia, 
NH3, nitrous oxide, ISToO, carbon dioxide, COo, carbon monoxide, CO, 
acetylene, CoHo, and ethyl chloride, C0H5CI, the more compressible gases. 
At ordinary temperatures, the former do not liquefy in spite of consid- 
erable pressure; the latter at ordinary temperature form licpiids under 
rather moderate pressures; hence the content by weight of a standard 
cylinder for the gases in the first group will be small, for those in the 
second group, considerable. It follows that gases in the first group will 
be used as free gases at once upon generation, or will be ship]ie<l short 
distances, from many plants, each serving small territories; while gases 
in the latter group may economically be shipped long distances, from a 
few central plants. 

In addition to a variety of technical uses, several members of the 
second group serve as ordinary refrigerants — ammonia, carbon dioxide, 
sulfur dioxide, and ethyl chloride: to these must be added the new’^cr 
refrigerants, dichloro-difliioromethane, loropanc, and butane, which arc 
discussed in Chapter 12. Members of the first group arc used as ex- 
traordinary refrigerants; for example nitrogen in liquefaction of carbon 
monoxide impurities in hydrogen. 

HYDROGEISr 

Of late years, hydrogen has become of industrial importance in the 
direct synthesis of ammonia, in the hydrogenation of fatty oils, petro- 
leum oil fractions, of coal, of hydrocarbons, and single organic sub- 
stances; its other uses are for balloons and dirigibles, for the hydrogen- 
air, hydrogen-oxygen, and atomic hydrogen flame. 

It is obtained from water gas, producer gas, coke-oven gas, by the 
removal of the non-hydrogen constituents; it is made by the action of 
steam on oil refinery gases and natural gas, by the thermal decomposi- 
tion of natural gas, by steam on heated iron, by the electrolysis of water, 
and by miscellaneous processes. It is a by-product in the electrolytic 
cell for caustic, in several fermentation processes, and in others. The 
choice of a process will be decided by the resources at hand, and by the 
degree of purity required. Rapid generation with a minimum of appara- 
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tus in an isolated place may be demanded; in such a case the ferro-silicon 
process would serve. 

The Water Gas and Steam Process, a Continuous Catalytic Process. 

AVater gas ^ wdth steam in excess is passed over an iron oxide catalyst, 
just as is done in the IBosch process described in Chapter 6, except that 
since no producer gas is added, the amount of nitrogen is small. The 
converter has several trays, on which the catalyst rests. The reaction 

CO 4- H:iO CO 2 4- 

is exothermic; as the temperature must be maintained at 450° C. 
(842° F.)? the converters are insulated and the incoming gases heated 
in exchangers. Once the reaction has begun, no outside fuel is required. 
Three volumes of steam to one of gas are used ; the great excess of steam 
drives the reaction to the right. After passing the exchangers the 
reacted gas is freed from its steam by water cooling. The carbon dioxide 
formed, as well as the small amount wdiich entered with the water gas 
(4 per cent) , is removed by scrubbing with cold water while under pres- 
sures of 25 to 30 atmospheres, in tall steel towers ; under such pressures 
carbon dioxide is freely soluble in water. The gas leaving the last 
scrubber has the composition 

Pel* cent 

H3'drog:en 92-94 

Nitrogen 1__4 

Methane 0.5 

Carbon monoxide^ 2—4 

Carbon dioxide small amount 

Moisture small amount 

The crude hydrogen may be purified further from carbon monoxide by 
scrubbing in ammoniacal cuprous chloride solution. The nitrogen im- 
purity may be lowered by careful operation of the water-gas plant. The 
methane is not wanted, and may be almost avoided by using tvell-burned 
coke. 

A similar process in wdiich the catalytic agent is lime at the tem- 
perature of 450° C. (842° F.) instead of iron oxide has been proposed; 
its great advantage is that the carbon dioxide is simultaneously 
removed. Unfortunately this absorption is accompanied by a powdering 
of the lime granules, as the carbonate forms, and the powder tends to 
clog the lime towers. 

Water Gas Process with liquefaction of the Carbon Monoxide. 

There are tvro processes in which the carbon monoxide is liquefied by 
cold and pressure and removed in that state, leaving the hydrogen gas 
comparatively pure. The Linde-Frank-Caro process uses liquid air 
boiling under a few millimeters of pressure for the final cooling of the 
w^ater gas alread^^ pre-cooled by three steps, first by an ammonia 
refrigerating system ( — 35° C. or — 31° F.), then in an exchanger wherein 
the uncondensed hydrogen takes up heat, third by the liquid carbon 


^ Chapter 15. 



314 




monoxide sei'iarated the hiuil eooline;. The carbon mc'>noxidc at the 
same time boils, and is used as a ^-aseous The other process is 

Claude’s, who uses no liquid air, but obtains, the necessary final cooling 
by tlie cx[iansion of hydrogen from a pi-essure of 20 atmospheres to a 
lower pressure while, doing work against a piston, ddie hydrx^gen is pre- 
coolcd in exchangers by outgoing gases, and by the evai>oration of the 
carbon monoxide Avliich has been previously liciuefied. 

The. hydrogen in coke-oven gas,^' and in the gas from the i>c‘troleum- 
craeking stills may l)e reeovea-ed by liquefatd.ion of tlu^ non-hydrogen 
components. 

Steam on Heated Iron. jNIany units based on the reduction of steam 
by iron at an elevated temiierature arf^ in use in (aumection, eliiefiy, 
with the hydrogenation of fatty oils. The hydrogcui obtaiiual by tliis 
I^h’ocoss is i>urcr than by the continuous catalytic ]n’ 0 (‘c\ss; the lat.tvr can 
be imrificd, but the steam and iron jiroca'ss has tlu^ furt.lu'r advantage 
that it is suited to niediiim-sized installations, su(‘h as arc^ usually rc^iuired 
for the liydi'ogenation of oils. The reaction is 

3Fo I- 411^0 ^ -t 41 b 

and the oxide formed, wlicai running from left to i-iglit, must hc^ reduced 
at frequent intervals; tliis is best done by wuitcu* gas, })rcd’c‘rid)ly purified. 

• The iron should have a iiorous strueture and little tendency to disint c‘gratc ; 
a calcined carbonate (sjiathic ore) has been found suita,])le. The* iron 
is placed in upright steel retorts, 9 inches in diamedea- and 12 ftad*. high, 
grouped in three sets of 12 retorts each. The stcaiming pca'iod (hydrogen 
liroduction) lasts 10 minutes, the steam traveling upward; lhc‘ water-gas 
period lasts 20 minutes, because the reduction of the oxide is slowca* than 
its oxidation; the water gas travels downward. A bried* purging; with 
steam sends the first hydrogen to the water-gas holder. 

By means of s\ieh an arrangement a eontimious flow of hydrogen 
is obtained; with the rc.'torts given above, a volumc‘- of 3500 cubic feet, 
about 100 cubic meters, is obtained ])cr hour. The s[)eut watcu* gas is 
cooled in a scrubl)er, and burned (for it still contains combustible^ gases') 
around the retoids in order to maintain the roacd.iou temiK'rature, 650^^ C. 
(1202'^ F.). The steam re'action is exotlierinu‘ ; the watci’-gas I'C'action 
is endothermic (cooliiigk 

The hydrogen jmssos out with the great c'xccss of steam employed, 
in order to drive the rcactitm to the right. It is cooled in scrubbing 
towers, and freed from carbon dioxide and hydrogen sulfide l)y lime 
purifiers. The gas obtained is 98.5 to 99 per cent pure; by carefui purg- 
ing, using closed condensers instead of sciuibbing towers, and otlier modi- 
fications, the purity can be raised to 99.94 per cent. The iron mass lasts 
six months; the retorts one year. There are many modifications of this 
process. 

The hydrogenation of an oil is retarded appreciably by a carbon mon- 

® Chapter 6; and Ind. Eng. Chem.., 14 , 1118 C1922'). 
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oxide content of even 0.25 per cent : the custom is to produce the hydro- 
gen of as great a purity as careful operation j3crmits, and beyond remov- 
ing hydrogen sulfide and carbon dioxide, to make no purification. 

In the continuous catalytic process 1.25 volumes of water gas are 
required for 1 volume of hydrogen (on the basis of 100 per cent hydro- 
gen j . In the water-gas method which involves removal of carbon mon- 
oxide by licpiefying it, 2.5 volumes of water gas are required for 1 volume 
of hydrogen, mainly as fuel for machinery. In the reduction of water 
by liot iron, water gas is used to revivify the iron, and the amount is 2.5 
volume.s for one volume of hydrogen produced. The continuous catalytic 
l^i-ocess has therefore a marked advantage over the other two processes. 

Electrolysis of Water. In the commercial cells, direct current is 
pRs&cd between iron electrodes, which may be nickel plated, in a 10 to 
25 per cent caustic soda solution. The caustic soda is not consumed; 
only water needs to be added as the electrolysis proceeds. The hydrogen 
is generated at one electrode (cathode), the oxygen at the other (anode). 
Cells differ in the method of gathering the two gases, in other details of 
construction, and in size. The efEciency v^ailes also, but not very much; 
an average figure would be 7.5 cubic feet of hydrogen per kilowatt houiv 
and 3.8 cubic feet of oxygen at the same time. Assuming that the 
wasted, and tliat the cells arc run for the introduction of liydro- 
gen only, the cost of current will determine the cost of the gas. If tlie 
liorscpowcr year is $20, a low figure, 1000 cubic feet of hydrogen will 
1 ‘cciuire 40 cents for power. With higher costs for horsepower, the cost 
for power per 1000 cubic feet will be correspondingly greater. The con- 
tinuous catalytic process produces 1000 cubic feet of hydrogen for about 
45 cents, granted favorable conditions for coke and coal. If both hydro- 
gen and oxygen are required, the electrolytic cells are the pro]^er devices. 

The decomiiosition voltage for the reaction 1A.>0 = 4- is 1.48; 

the operating voltage about 2. The amperage varies with the size and 
intensity of operation; with maximum load, it may be as much as 1000 
amperes for electrodes 40 inches wdde by 60 inches high. The elec- 
trodes are sei:)arated b^^ an asbestos diaphragm, and suspended in cast- 
iron containers. 

One of the large-scale installations for the electrolytic production 
of hydrogen consists of 306 cells, each with 20 plates. The electrolyte 
is 25 per cent very pure potassium hydroxide, maintained at 60 C. 
(140^ F.) by the Knowles patented regulator. Each electrode receives 
500 amperes, hence 10,000 amperes per cell. The production is 49,000 
cubic feet of hydrogen per hour, 99,5 per cent pure, and half that quan- 
tity of oxygen. The cells are fed with distilled water. This gas is used 
in making synthetic ammonia, as part of large auxiliary plants for the 
manufacture of chemical fertilizer. 

Cells operating under pressure and delivering gas at 200 atmospheres 

^Knowles hydrogen plant at V’'arfield Works, Consolidated Xlining and Smelting Company, 
of Canada, J. Soc. Chem. Ind., 51, 355 (1932). An interesting cell for the electrolysis of water is 
the Stuart cell, offered at least in Canada, and which xniglit become available in the* United. 
States. (Stuart International Corporation, Utd., Toronto). 



316 


INDUSTRIAL CHEMISTRY 


have been proposed; the energy required for electrolysis decreases as 
the pressure is increased d 

Other Processes and By-product Hydrogen. Hydrogen gas is pre- 
pared by the thermal decomposition of natural gas, particularly in 
California, where the state law lorohibits the wasting of natural gas. 
The operation is a cracking of the gas, and is ] 7 )crforinc(l in apparatus 
similar to those used for making water gas. A. five-minute cycle is 
used; the gas is burned to heat up the chcckerwork in the generator 
(2 min.), then the gas, without air, is passed in. Klcmcntal hydrogen 
gas with suspended carbon particles forms; the carbon is filtered out in 
bag filters. After 2 minutes, the generator is too cool, and the cycle is 
repeated. 

In the oil industry, hydrogen may be prepared from hydrocarbons 
in the refinery gases, or in available natural gas, by treating with steam, 
in the presence of a catalyst or not. The reaction is CH 4 2 II 2 O = 
4H2 -f- CO2.® 

The by-product hydrogen from the electrolytic caustic*, cell is dis- 
cussed in Chapter 5; from fermentation in Chapter 20 , and its utilization 
in Chapter 25. 

In the ferrosilicon process, powdered ferrosilicu^ii containing as nnicli 
silicon as possible (90 per cent is frecpicnt) is added to a 20 per cent 
solution of caustic soda at a temperature of 80° to 90° C.; very pure 
hydrogen is produced. Aluminum in the form of shavings also gives 
hydrogen with a solution of caustic soda. An alloy of sodium and lead 
reacts with water to give hydrogen, again of high purity (hydrone). 
These three processes serve for military purposes and as sui>plementary 
plants for emergency or rapid operations. 

Helium. This comparatively rare gas is produced in large quantities 
at Amarillo, Texas ; it occurs in a number of natural gases in amounts vary- 
ing from 0.5 to 7 per cent averaging near 3 per cent. The gas is compressed 
and cooled, and the non-helium portion removed by licpicfaction ; 97 
per cent He with some nitrogen is obtained.® 

Helium is used for dirigibles; its value lies in that it forms no cxi")losive 
mixture with air. The Macon was a helium ship ; it was wrecked off the 
California coast because of a structural defect. Just a while before that 
the Akron, also a helium ship, was destroyed in a storm over the Atlantic, 
not far from Barnegat Bay in New Jersey. There is left to the XJnited 
States only the Los Angeles. The recent catastrophy to the hydrogen- 
filled Hindenburg (May, 1937) will lead to the use of helium for the 
German ships. The lifting powei: of helium is 92 per cent of that of 
hydrogen. 

^ Trans. Inst. Chem. 9, 154 (1931). 

5 Chem. Met. Eng., 39, 381 (1932). 

o Ind. Eng. Chem., 22, 1030 (1930). 

Ind. Eng. Chem., 18, 1045 (1926). 

8 “The production and uses of helium gas,” by R. R. Bottoms, Aercmavutical Eng., 1929, lOV ; 
also Ind, Eng. Chem., 11, 152, (1919). 
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A portable helmm repurification plant has been designed.^ 

It is estimated tliat the helium reserves already in sight are 10 
billion cubic feet, in the United States alone. There is a potential pro- 
duction of 200,000 cubic feet per day from the gas in the boric acid fuma- 
roles in Ital^^. Canada has some low percentage helium material. 


OxYGEisr 

The great imx'>ortance of industrial oxygen is due to the usefulness of 
the acetylene torch for steel welding and steel cutting; and to a lesser 
extent to the oxy hydrogen flame. The possibility of an extension of its 
use lies in the increased temperature given by gas when burned in 
oxygen instead of air, in tlie blast furnace for iron wherein the amount 
of useless, heat-consuming nitrogen may be reduced with a saving of 
coke and an increase in output. Uiquid oxygen mixed with powdered 
charcoal may yet become an important and cheap explosive. 

The industrial method of preparation is the fractionation or rectifica- 
tion of liqiiefied air. Atmospheric air contains 

Pel- cent 
by volume 

N'itrogen 7S.1 

Oxyge?n 20.9 

Ar^on .94 

Oarbon dioxide .03 

Water vay^or variable amounts 

The composition of liquid air varies slightly according to the con- 
dition of liquefaction; on warming it, there passes out a gas containing 
93 per cent nitrogen and 7 per cent oxygen, and there is left a liquid 
richer in oxygen than the original. Nitrogen boils at — 195.8° C., air at 
— 191°, oxygen at — 183.0°, all under the pressure of 1 atmosphere. The 
difference in the boiling points of nitrogen and oxygen is not quite 13° C., 
the nitrogen being the most volatile. It is upon this fact that the frac- 
tionation is based. 

In the liquefaction of air the following steps are included: 

a, the removal of carbon dioxide and dust; t>, compression to high 
pressure; c, removal of moisture; d, cooling to low temperature in 
exchanger coils; e, liquefaction by expansion in the separator. 

During the operation of the liquefying system three periods must be 
distinguished: the starting period, in which the apparatus is brought 
from room temperature to the low temperature essential for liquefaction 
(1 hour) ; the running period, during which the liquefaction proceeds 
continuously (1 week to 1 month) ; and the thawing-out period, during 

^ Ind. JSnff. Chem., 22. 1191 (1930). 

Based in large part on “IDer Sauerstoff,” by M. Bascliin, published 1924 by Carl Marhold 
Verlagsbuclihandlung, Halle a.S. (jermany (100 pages) ; and on ''Fluessige JLuft," by Ludwig Kolbe, 
published 1920 by Johann A. Barth, Leipzig; the latter book contains several diagrams of com- 
plete plants. 

It is tlie regular explosive now for the iron mines in the Fast of France (ECayange). 


Per cent 
by weight 

75.5 

23.1 

1.29 

.049 
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wJiicli the earboii dioxide mid water, which in spite of all purification 
accinnidate in tlic system, are thawed and blown out by a stream of 
warm air. The le.ne;tli of the riinnino- ])eriod depends uiH>n the efficiency 
of the inirifying apparatus and on the demand, for appreciable stores 
with whieli to meet unexi)ected demand cannot be acaainiulated in iieriods 
of low business activity. The liquefied air is fractionated in single or 
double columns, and the oxyp;cn compressed in the shijipino; cylinders. 

Tlie coolino; durinp; the runnino- ]ieriod is mainly due to tlie latent 
heat of evaj[ioration of the liquefied air. In the startino; ])eriod, the cool- 
ing is due to the expansion of the com]iressed air against al inosplieric 
pressure, in part to the Joulc-Thomson effect.^ ^ To insure a considerable 
cooling during lioth cooling and running period, the C^laiuh' system ex- 
pands a irart of the comiiresscd gas after it has been pr(a*ook‘d con- 
siderably, against the ihston of an engine driving a dynamo. In the 
lierformancc of the considerable amount of work by the gas as such a 
cooling of 75° C. is secured. Several Amc‘rican ] slants o])(u*atc' under 
the Claude license. The description which follows will not include this 
feature, in, order to avoid confusion. 

The Liquefaction of the Air. The atmospheric air is drawn into a 
four-stage compressor, with four separate cylindc'rs, for ])lants producing 
15 cubic meters^- (530 cubic feet) of free oxygen jier lioiir; for larger 
plants, five-stage compressors arc preferred; three-stage compressors are 
used less than formerly. After each compression, the air emters a coil 
set in running cold water so that it enters the next stage at rejoin tem- 
i:)erature. The rise in tenij^craturc for the compression is a]>i>roximatcly 
the same for each of the four stages, to 170° C. 

The carbon dioxide may be removed before reaching tlie compressor, 
loy drawing the air through two towers working in series, filled with coke, 
down which a solution of caustic soda or caustic ]Kjtash travels; the air 
i:)asses up the tower, on the eountereurrent jufinciple. The to\ver packing 
rests on a false bottom; the liquor accinniilates at the base and is circu- 
lated to the to]:) of the tower by a small gear pumi'». Ilust is caught at 
the same time. Another system is to remove the carbon dioxide in the 
compressed gas between the thiixl and fourth stage. 

Before entering the liquefying system, any water in the air must be 
removed, for w'atcr, like carbon dioxide, would deposit as a solid and 
plug the small pipes or the expansion valves. The amount of water 
which is bro\.ight in by the air is considerable. In a j')lant making 15 
cubic meters of oxygen per hour, taking,* in 120 cubic meters of air per 
hour containing 65 per cent of the maximum humidity at 20° C., 193 
kilograms of water enter in a six-day period. The greater part of that 
\vater is removed by liquefaction as the air from the several cylinders is 
cooled, and run off before the air enters the next stage ; only that con- 

Cooling due to energy consumption in overcoming tUe attraction between molecules. 

1 cubic meter = 35.31 cubic feet. 

Free oxygen means oxygen measured under a pressure of one atmospliere. 

One kilogram is 2.2 pounds. 
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tainecl in the fourth-stage air, estimated at 1.48 kilograms, needs to be 
absorbed by a special device. This consists best of a cylindrical vessel 
with false bottom filled with fused calcium choride sticks; the air travels 
upward, the liquefied calcium chloride travels down and may be drawn 
off at intervals. Caustic potash may be used instead, and in that case its 
liciiior can serve in the carbon dioxide removing cylinders. 

The coini:u‘ossion in the several stages is shown below% and at the 
same time the volume \vhich at the pressures stated weigh 1 kilogram ; 

Staj4:os 1 2 3 4 

pressure 4.1 rnosplieres 14.5 50 200 

volume SO liters 23.35 6.93 1.94 

These ]:)ressures apply to the starting period; in the running period they 
are tis .stated in the table for the first three stages, but the fourth is about 
the same? as the third. Advantage is taken of this fact to send in during 
the 1 ‘unning period so-called low-pressure air (25 to 50 atmospheres) 
whi(*h liquefies easily at the temperature of the liquefier which is very 
near — 191^ C.; in this way an important saving in poweu’ results. 

As a rule the liciuefying vessel and the fractionating column are 
combined, thus avoiding a transference of the liquid- For plants pro- 
ducing more than 15 cubic feet of oxygen per hour, the gas from the 
fourth stage is precooled by an ammonia refrigerating system; when 
this is done the water is thereby removed, so that a calcium chloride 
tower is not needed, and at the same time the air enters the exchanger 
at a temperature of — 30° C., thereby increasing the lic. 5 uef 3 dng capacity* 
of the system considerably. 

With a single-column rectifier the wasted gas is 93 per cent nitrogen 
and 7 per cent ox\^gcn ; the yield 66 per cent. With a double-column 
j*ectifier, the escaping gas has onK^ 2 per cent ox^-gen, and the \deld is 
90 per cent. The latter is shown in the accompam^ing drawing (Fig. 113 ) . 

T\vo important principles are used; the interchange of heat in double 
coils, and the rectification of the liquid hy means of the columns with 
shelves. Hef erring to Figure 113, of the liquefier combined wdth the 
double column rectifier, the entering air x^^sses through the inner coils 
of a double-walled coil system, wdiile the outgoing ox^^^gen and nitrogen 
surround them. The entering air loses heat to the outgoing gases, and 
it will be noted from the drawing that the coldest oxygen meets the air 
already cooled in the upper coils ; the warm entering air on the other 
hand can still lose heat to the oxygen (and nitrogen) ^vhich has x^Q-Ssed 
through all the coils and is ready to leave the system. The comx^ressed 
air thus reaches' the coil in the base of the column w^ell precooled; it 
cools still further in contact with the liquid in the column, and when 
it reaches the expansion valve, it liquefies readily. This accomplished, 
the two constituents are separated by permitting the liquid to drop 
from shelf to shelf, in contact wdth the rising gas. At each shelf, an 
interchange takes place; the liquid loses a part of its more-volatile con- 

One atmospliere is 14.70 pounds per square incli. 
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stitiient^ nitrogen, and robs the gas of a part of its less-volatile con- 
stitutent, oxygen, so that the liquid which reaches the lower shelf is 
richer in oxygen than the liquid on the shelf just above it. Tlie sej^ara- 



Fiouke 113. — Combined liquo- 
fier and s e p a i* a tor with, 
double column (bindo). The 
high-pressure air enters at 
1, passes through exchanger 
coil 2, and is expanded, 
reaching the lower column 
at 3 ; liquid rich in oxygen 
collects at 4, while the gas 
lich in nitrogen reaches the 
top of the column, is lique- 
fKKl therii and collects at 7; 
from hero it i)asses through 
a valve into 8 and to the 
top of the up pen- column; 
the liquid rich in oxygeai 
passes from 4 to the middle 
of the ui)i)or cohiiiin, loses 
its nitrogen on the way 
down, so that oxygen col- 
lects at 5 ; the oxygen passes 
out here, traverses the ex- 
changer and loaves by 6 ; 
the nitrogen gas leaves at 
* top of still, passes the ex- 
changer and leaves at 9. 
(ISTote: The curved dome 
over 7 causes the liquefied 
nitrogen to drip down 
through the outermost tubes 
only, so that all of it 
reaches collector 7.) 


. tion is continued in the upper column, as indicated in the illustration.^® 
As the liquid from the lower column at 4 enters the shelves in the upper 
column, and descends, it gains in oxygen, while losing nitrogen, until 
there is collected at 5 liquid oxygen with only a trace of nitrogen. 

Shelves with bells providing liquid seals through which the gases must bubble are in use in 
some installations. Plates and bells are of copper. 
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The oxygen gas is delivered to a three-stage compressor which feeds 
it to the seamless steel cylinders under a pressure of 2000 pounds to the 
square inch. A steel container of 40-liter (water) capacity contains at 
that pressure and at 15° C. 6 cubic meters free oxygen (212 cubic feet). 
It is delivered to the acetylene torch through a two-way diaphragm 
reducing valve, at a pressure slightly above atmospheric.^'^ Each cylin- 
der is closed by an angle A^alve which at all times must be free from oil. 

Licj[uid oxygen is also transported in tank cars, or in tanks on trucks 
and delivered to large users. These users draw some of the liquid oxygen 
into an intermediate tank from which it can be vajDorized, and the gas is 
tlien compressed into cylinders. The tank carrying the liquid oxygen 
is a double wall steel tank with the space between the wmll filled with 
Silocel, and pumped out, until the pressure is between .001 and .020 mm. 

Nitrogen. The economical way to utilize liquefied air is to make 
use of both the oxygen and the nitrogen; the oxygen to fill oxygen cylin- 
ders, and the nitrogen which otherwise is lost in four- fold volume, in a 
special way, such as a reaction. This is rarely realized. As a rule, oxygen 
plants liquefy air, save the oxygen and waste the nitrogen; while the 
manufacturer of cyanamid for instance uses the nitrogen and wastc\s the 
oxygen. ISTitrogen for ammonia fixation is usually made from producer 
gas. 

Argon. In a plant making nitrogen primarily, the argon will first 
accumulate with the oxygen; this impure oxygen is fed into a very tall 
column, entering about half-way up. There passes out at the top, through 
a dephlegmator cooled by liquid nitrogen, 50 per cent argon with nitrogen. 
This gas enters a second column with a similar dephlegmator at its top, 
and gives at the base argon with an oxygen impurity, w^hile the nitrogen 
passes out at the top.^® The argon is freed of oxygen by passing it over 
heated copper. Argon is used to some extent to s^^eep traces of oxygen 
out of electric light bulbs just before sealing, and in gas-filled lamps. 

At atmospheric pressure, argon boils at — 185° C., between oxygen 
and nitrogen. 

nSTEON SlGXS 

Neon and several other rare gases in the atmosphere have been put 
to work in illuminated signs which allow novel and striking effects; the 
signs are spoken of collectively under the name “neon signs.” These 
luminous signs consist of slender tubing, such as the chemist has long 
used in his laboratory, bent into attractive or suitable shapes. They 
contain a gas at low pressure (12 mm.) through which an electric cur- 
rent of appropriate voltage is constantly passing. This voltage is 6000 
to 12,000 volts, the current quantity very small, 25 milliamperes ; such 
current is obtained from the ordinary 120 volt A.C. lighting circuit con- 
nected to the primary, taking the high voltage current off the secondary 

Ten to 30 pounds for welding. Tiie construction of the reducing valves or regulator is sHown 
in “Oas Acetylen,” by Vogel, p. 240 Csee under Acetjdene^ ; and in “Oxy-acetylene welding,” by S. W. 
Miller C1916), published by the Industrial Press, New York, on p. 18. 

^ “Die Fluessige Euft,” by Kolbe, pages 338 to 343 CRef- 10). 
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windinp; of a traiisformcr. Each sig^n is furnished V)y the inanii factiirer 
witli a transformer which delivers the proper volta| 2 ;c. It is now cus- 
tomary for the sign coni]:>any to sell service, rather than the sign and 
equipment, and to tend to the uninterrupted operation of tlie signs. 

The voltage required depends, among otlier (aniditions, upon the i:>ar- 
ticular gas or combination of gases used; this difference I’eflects the 
ionization potentials of the single gases, listed in Table 32, with the 
color they produce, and the amount of the gases in the atmosphere. 


T7ahi.k 

32. — oj the Rare 

GatiCH of the 

Atmosphere, onrl 

nf Mcr(‘}Lrt/ 


Joii iza tit>n 

1 f miza Litm 


1-1 .s per 


voll.aKC 

voltaKC 


million in 


1st oloctrori 

2nd electron 

Col or 

at.inospluM't' 

Helium . 


54.12 

ci*ea.m 

5 

Neon . . . 

21.18 

40.9 

rod 

15 

Ai'^2;on 

15.70 

27-82 

blui.'sh 

9000 

Krypton 

13.90 

25.4 

blue' 

1 

Xenon 

12.0 

24.25 

lipilit ])hio 

0.1 

Mercury' 

10.39 

19-0 

j 2 ;rooii-bluo 



Mo'^rcairy forms part of the gas-vapor system in many tubes, bec*ause 
it carries the current easily, when the tube starts from c.old, for example, 
thanks to its low ionization voltage. 

The tubing is 10 to 12 mm. -diameter soft glass tubing, of kaid-potash 
glass. The electrodes are copper, if no mercury is to be i>a.rt of the 
tube, or iron, when mercury is used. The area of the electrode was con- 
sidered an important feature at one time (Georges Claude) . Leads scaled 
in the glass permit connection to outside lines. The electrodes are of 
sheet metal or woven wire. The tube is shaped over the flame, and its 
air pumped out through a scalcd-in tec; next the current is passed for 
some time, with alternate exhaustion, in order to remove any trace of 
air. For a neon sign, neon gas from a onc-liter supply flask is admitted 
by turning a glass-stopcock and reading a mercury gage, until the pres- 
sure reads 12 mm.; this requires 2 or 3 secu)nds. The tube is then scaled 
off at a previously provided narrowed ])ortion. If tlic cubical content 
of the sign is 50 cc., it receives 50 X 12/760 = 0.8 cc., so that a onc-litcr 
flask suffices for 1250 similar signs. The neon gas in colorless glass 
tubing gives an intense, very pleasing red. A small amount of krypton 
might be mixed with the neon, in order to lower the operating voltage. 
Mercury in clear-glass tubing gives blue, mercury and argon, a better 
blue. Mercury in amber glass produces green. Other colors will be sug- 
gested by the table; still others by combination of colored tubes with 
certain gases. The smaller the diameter of the tube, the greater the 
voltage required, but the more luminous the column. The tube is con- 
tinuous, for lengths totaling not over 10 or 12 feet; the parts not wanted 
are painted in black, and do not show. 

The luminous signs may develop at an increasingly rapid rate if the 
hoped-for efficiency in the transformation of electrical energy into light 


Ionization potential == potential for naoleculax distances, required for formation of tlie ion. 
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is reached. The JNIazda lamp furnishes 9 lumens per watt; the neon tube 
10 lumens per watt. There is the further consideration that the human 
eye has a sensitivity quite different for the different colors ; for example, 
lb per cent of green will seem as intense as 90 per cent of red. George 
Claude has found that substituting xenon or krypton for argon in the 
rvlazda lamp increases the liglit efficiency 33 per cent. Improvements in 
the electrodes for neon signs liave been made; thus hollow tubes instead 
of rods Ijas proved beneficial. Coating the electrode with easily ionized 
metallic ions gives good results; thus a tube required 280 vc^lts before 
coating tlie electrode and only 70 volts after coating it with cesium. 

The difference in ionization potentials may result in liiding certain 
gases in others, for example, 1 i-^art of krypton in 3 million parts helium 
is readily detected siiectroscopically, but 1 part of helium in 2 parts of 
argon remains undetected. 

The amount of light delivered by a tube depends upon the amperage, 
not upon the voltage. 

The vai)or of sodium is used for conducting the current and light pro- 
duction, in a double walled tube to prevent the condensation of the sodium, 
and wdth oxide electrodes to maintain a high current density; a special 
Jena glass (Or similar, such as Pyrex Glass) must be employed. 

SuT.FLTR Dioxide 

Of the more compressible gases, clilorine and ammonia are dis- 
cussed elsewhere. Sulfur dioxide, SOu, anliydrous, liquefied under a 
moderate pi’essure (2 to 3 atmospheres) at room temi:>erature, is shiyiped 
in steel cylinders of 50 or 100 pounds capacity, in 1-ton containers, and 
in single unit 15-ton car tanks. It is used from such cylinders and tanks 
in preparing hydroxylamine sulfate, which in turn ser\"es in making 
dimcthylglyoximc, the nickel reagent; for refrigeration, for bleaching, 
and, incrcasinglv, in iietroleum refining fChaptcr 24). The boiling point 
is— 10°C. 

The burner gas-- from sulfur (or pyrite) , freed from dust, and cooled, 
is dissolved in water in two towers used in series; the solution from the 
second tower is elevated to the top of the first tower, where it meets the 
rich gas. Burner gas with 8 to 12 per cent sulfur dioxide yields a 1 
cent solution. In a third tower this solution is sprayed, at the top, and 
flows down, while steam is injected at the base of the tower; previously 
the 1 per cent liquor has been heated in a closed coil laid in the spent 
licjuor from the base of the still. The packing in all the towers may be 
coke, or special earthenware cylinders. The gas issuing from the third 
tower is cooled to remove most of its moisture, and is passed up a fourth 

lab -[J. S. Eatent 2,065,947, and. 1,985,855, to Xta^Tmond Xaiitli. 

iGc u. S. DPateiit 1,984,426, to jVIarcello !P Irani ; another patent to tlie same inventor,' also 
for a sodium lamp, was 1,984,429. 

Chapter 5. 

^ Chapters 6, 12, and 14. 

“ Chapter 1. 
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.ower down which concentrated sulfuric acid flows. The dried gas is 
jompressed in a bronze pump to 2^- atmospheres, which suffices to liquefy it. 

Nitrous Oxide. Nitrous oxide, N^O, is made by heating ammonium 
litrate to 200° C., in small lots (50 pounds) in aluminum retorts. The gas 
s cooled in a condenser, washed in a solution of sodium dichromate to 
’ernove nitric oxide, in caustic to absorb nitric acid, and in water. Under 
1 pressure of 100 atmospheres it liquefies, in small shipping cylinders for 
nstance; or the gas may be stored in a gas holder. The reaction is 
SrH 4 ]Sr 03 = iSTsO + 2 PI 2 O- Nitrous oxide is used as general anesthetic,-^ 
rsually mixed with oxygen, and sometimes with ether vapor. 

Carbon monoxide, CO, is a combustible gas, while carbon dioxide is 
aot; it forms an essential part of water gas, discussed in Chapter 15. 
The monoxide may be liquified with greater ease than hydrogen, and this 
has been utilized by Claude in order to separate the two, as discussed in 
the first part of this chayjter.-^ Carbon monoxide is poisonous. Carbon 
dioxide is presented in Chapter 12. 

Acetylene,-'”'" The two important uses for acetylene are the welding 
and cutting of steel, and lighting. It is made by the action of water on 
calcium carbide,-^ a product of tlie electric furnace ; 

CaCh H 211:^0 = CsHt. H- Ca(OH).. 

To a great extent, electricity has displaced the acetylene lighting systems 
in isolated residences and institutions, but for lightlioiise purposes, the 
brilliancy of the acetylene flame has secured its retention in many 
instances. Carbide is used for miners' lamx>s in mines free from ex]')losive 
gases without a screen protection, for instance in rock-salt mines, in gyp- 
sum mines, and in certain coal mines. Acetylene is also the raw material 
which may be made into acetaldehyde, alcohol, acetone, and rubber, as 
described in Chapters 25 and 39. 

In generators which are stationary the construction is usually such 
that when the drawing of the gas stops, the accumulating new gas 
depresses the liquid away from the supply of carbide, as indicated in 
Tigui'e 114. In the miner's lam]:) an adjustable flow of water passes drop 
by drop from an upper reservoir to the carbide store below. A third 
principle is to drop the carbide grains into a store of w^ater. Many 
forms of generators are portable, and may be moved about the shop; 
the gas generated may be under high pressure (6 pounds) , or low pres- 
sure (one-third pound or so) . In addition to generators, acetylene tanks 
furnished by a manufacturer are frequently used; they require no instal- 
lation; the cost is twice that of the generated gas (leaving out interest 
on the generator) . 

In acetylene tanks, the gas is not simply compressed, but dissolved 

^ Chapter 30, under Pharmaceuticals. 

“The manufacture of hydrogen by partial liquefaction of water gas and coke oven gas," 
Georges Claude, Ind. JSng. CKem,y 14, 1118 C1922). 

^ “Das Acetylen," J. EC. Vogel, published in a series of special books on Chemical Technology, 
by Verlag von Otto Spamer, ‘Leipzig, 1923. 

Chapter 17. 
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in acetone. The reason is that acetylene alone under pressures higher 
than 2 atmospheres tends to decompose explosively; dissolved in acetone, 
it may be under pressures of 10 or 15 atmospheres, with safety. The 
capacity of the ordinary tank (40-liter volume) is about 200 cubic feet 
of free acetylene. In addition to the acetone, some tanks contain a porous 
solid filler, such as hardened (by heating) wood charcoal. In order to 
fill the cylinders, the acetylene gas is dried over fused calcium chloride, 
coinj^ressed in a slow' compressor (60 r.p.m.) liberally lubricated with 
glycerin. The compressor is built to withstand ten times the maximum 
gage pressure (15 atmospheres). Several cylinders are connected at one 
time? to the compressor and occasionally shut off to allow time for the 
solution in acetone. 



hits. 





Figurk 115. — The oxygen acetylene 
fiainc (after Vogel). 


Figure 114. — Acetylene generator, sta- 
tionary typo (after Vogel). 


There are two kinds of welding torches, iiigh pressure and low pres- 
sure, differing in important details. Cutting torches differ from welding 
torches in the following way: in addition to the oxygen and acetylene con- 
duits, which both torches have, the cutting torch receives a stream of 
oxygen around the flame ; it is this oxygen which cuts the steel, by oxidizing 
it and forcing away the particles of oxide formed; the flame serves merely 
to attain the oxidizing temperature. The flame in each has an inner bril- 
liant part, whose temperature is estimated at 3000° C. ; in the welding 
torch this is surrounded by a larger envelope into which the air penetrates. 
The inner portion, wdiich does the wrelding, is sometimes called the neutral 
part. iCom'pare Fig. 115.) The use of acetylene is not without danger; 
the directions and cautions of the manufacturer must be observed. 

Other sources, cheaper ones, of acetylene are actively sought; one for 
example is a natural gas which is pyrolyzed under reduced pressure, or 
passing a natural gas over a highly heated refractory.-®^ 


Weldijstg by the Atomic Hydrogetst Flame 

There has been developed a welding torch in w^hich atomic hydrogen, 
produced by passing hydrogen through an electric arc forming part of 

XJ. s. Patent 1,983,992. 
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the torch, fiirnislics the heat for weldino* as it comV)iiies to form molecu- 
lar liydroo-en. The tcinporatiire is as high and higher than that of the 
electric furnace; it is estimated as between 4000° and 5000° O., so that 
materials hitherto infusible may be fused. The weld produced may be 
worked as readily as the original slieet. This flame has the additional 
advantage that it is non-oxidizing and non-carbonating. 

Production. Table 33 gives the production of compressed gases. 
Vast quantities of these gases processed at once arc not reported. 


Taklio 33 . — PraduciiotL of Co ni.prcH,sc.d Of/.sv'.s."'" 




1929 

Pif>diic‘.tit)n 
OuLin Poet. 

1920 

ValiM‘ 

AT illioii I T s 

1 935 

JM ill i{ >11 1 )( >11; 

Hydrogen 


. 207,813,000 

1.5 

1 .557 

Acetylene 


. 969,543,000 

10. 5 

1 1.718 

ZSTitrous oxide 


109,812 

1.2 

.9 10 

Sulfur dioxide 


17.500,000 

1 

1.170 

Carbon dioxide 


137,000,000 

7 

-1.52S 

Anh.ydrous ammonia . . . . 
liuic'aii of the Census. 


. 173.000,000 

10 

5.674 


(3t 1 1 KH 1^.\TK T S 

U. S. Ptil.onl l,S»50,f)29, cj.^traeLion of lioliuni from iialiiral wlit‘r('iu its 

ccnt.aj 4 'o is comparatively suluII ; 1,881,115 and -6. htdiuiii from j^asf'ons mixt.urc^s 

which have boilinji; points above the critical tomy)ora1 lire of helium; 1,772,202, 
extraction of krypton and xenon from liquid oxygen, by increasing Iho concern trat ion, 
then i)assing through an absorbent for kiwplon ancl xenon; 1,802,186, production oi 
argon and neon as hy-\n'oclucts in the synt.hc.sis of ammonia from at inosphc'ric nilro- 
gen; 1,872,741, production of dry acetylene from calcium carbide; and ing com- 

plofce hydration of the carl:>ido ; 1,794,004, production of acetylene; and liydrogen in 
the electric arc; on isolation of argon, I3rit. Patents 218,266 and 226,783 C1924) and 
U. S. Patent 1,420,802. 

Knowles’ patenLs, on electrolysis of water: 1.067 .822, a.])pa.ralus for purifying 
electrolytic gases by combastion ; 1,566,543, electrolytic; (;c;ll, automat-ic conlrc^l of 

liquid level in electrolytic cell and washing of the ga.ses cn^olvcal; 1,485,461, elcvd.vo- 
lytic coll lor x^i’oduction of H- and O- l)y electrolysis of water; 1.866,472, cdc'c;!. roly tic 
apparatus for w’ashing gases evolved from a cell by causing (Ikuii t.o l>ul)l>le through 
water; 1,856,218, electrolytic u.sing thicker sleeve aroxiiid the; cdc;ctrod(', 

on the sides not facing the opposite electrodo in orflei* to maintain a high purity 
gas; 1,856,393, temperature controlling system for electrolyte in olec^l-rolytic colls; 
1.767,292, gas Avasher for electrolytic apparatus by bubbling gases through chambers 
containing the washing fluid; 1,767,375, w’ashing gases by l)ubl)ling them through 
chambers containing the:; washing fluid; 1,821,018, electrolytic apparatus for elec- 
trolysis of liquids for production of gases. 2,057,908, on a luminous t,ube, to Ray- 
mond ISTauth, the tube has a small heated pocket for mercury; 1,988,459, luminous 
discharge tube system. 

Problems 

1- In the steam-iron ])rocess for hydrogen, the retorts as given in the text pro- 
duce 3500 cu. ft. per hour. Over the day, how many hours arc all the retorts in 
actual operation of hydrogen? Disregard purging period. If 3 times the amount 
of necessary steam is taken, what is its weight? 

2. In the in.stallation of 306 Knowdos’ cells given in the text, lot the current 
efficiency be 100 per cent, and let the operating voltage be 2. What is the energ.y 
efficiency? Compare Chapters 5 and IS. Por the production of hydrogen gas as 
specifieci, how much distilled water will be required? 

‘'Phujit?s of atoiiiu; liydrojrcn Irving Langmuir, Ind. EPiff. Chojn.r 19, 667 ( 1927 ); or Ooneral 
Blactric Roviaw, 29 , 153 . ancl 160 ( 1926 ). 
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3. Let th.e “i:>arts per million” for tiie rare gases in tlie atmosphere represent 
volumes. How many cu. ft. of air will be required in order to prepare 1 liter of 
each of the rare gases? The first operation for liquid oxygen has a 90 per cent 
yield ; assume that its rare gas content is the same as in the original air. The 
recovery on from there may be taken as 80 per cent. 

4. An acetylene generator receives a charge of 250 pounds of calcium carbide, 
75 per cent CaCs. What is the volume of acetylene gas which may be generated, 
measured at ordinary temperature and pressure? 
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A nu?nber of chemical indzis tries depend zcpon the existence of minute 
plant organisms, so sinall that they are visible only under a high-power 
microscope; they are therefore called micro-organisms. Under the proper 
conditions, they grow at enormous speed; they have the power to con- 
sume (apparently) one sxihstance and to produce another, and it is this 
function which mahes them valuable. In these industries, the chemist 
joins hands with the bacteriologist. 


Chapter 20 

Processes Based on the Activity of Yeasts and 

Bacteria 

From time immemorial, one of the processes which depends upon the 
existence and growth of micro-organisms has been practiced, namely, 
that of alcoholic fermentation of grape juice and fruit juices, but the 
exact nature of the process remained a mystery until Fouis Pasteur dis- 
covered, isolated, and classified the several kinds of organisms. PTe suc- 
ceeded in demonstrating that fermentation and bacterial disturbances 
in general were not due to spontaneously generated plant organisms, but 
to organisms which already existed elsewhere and which were carried in 
by air currents,^ on the skin of the fruit, or in other ways. At the same 
time, the nature of the festering of wounds became clear; as a result, the 
modern science of antiseptic treatment was born. 

The transformation of certain sugars, the monosaccharides, such as 
glucose and fructose, into alcohol, is brought about by yeast; carbon 
dioxide is evolved profusely at the same time, so that the liquid seems 
to boil.^ The formation of lactic acid is due to a bacterium. The place 
of these organisms in the complete group will be clearer from some gen- 
eral considerations. 

Yeasts, bacteria, and molds are fungi, vegetable growths. Yeasts 
multiply by budding, with or without si^ore formation; bacteria multiply 
by division or fission, in rare cases by spores. Yeasts show a definite 
nucleus under the microscope, whereas bacteria do not. Yeasts arc 
commonly egg-shaped, and about 0.01 mm. in diameter; bacteria arc 
long or short rods,'"^ comma-shaped, and in general, smaller than the 
yeasts (about one-tenth the size of yeasts) . Bacteria and yeasts differ 
from molds in that the former two are unicellular, while the latter is 
multicellular. Molds multiply by sporation. Protozoa are the lowest 
form of animal life; they are one-celled, and are found in ditch water 
(amoeba) . 

The yeast cell contains complex organic substances called enzymes, 
whose characteristic is that they can catalyze a chemical reaction; the 

1 Pasteur had to ascend the Alps many hundreds of feet aBove human habitation, before he 
could find air which would not contaminate his test solution Cveal broth). 

2 Hence the name fermentation, from the Hatin word /eruere, to boil. 

3 The Ions rods are bacilli ; the short ones, bacteria proper. 

328 
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reaction they catalyze is the same as the one the cell as a wliole cata- 
lyzes. As a rule, the yeast contains a number of different kinds of 
enzymes. In industrial operations, the enzyme is not isolated; the cell is 
cultivated and used. For growth, the alcoholic ferment requires sugars, 
a small amount of mineral salts, phosphates, and nitrogenous matter; 
the effort of the manufacturer is not to grow yeast, for 1 gram of pure 
yeast requires 1 gram of sugar, and hence there would be no production 
of alcohol, but rather to produce just enough yeast to catalyze the 
alcohol-forming reaction. Some grow’th takes place, but the main part 
of the conversion is due to the action of the formed cells. 

Yeasts and bacteria grow best and w^rk best at definite temperatures 
which vary with the several organisms, but which lie not far from the 
room temperature, perhaps between 5"^ and 40° C. ; 60° is fatal to most 
of them. In general the working range for bacteria is narrower than for 
yeasts. These microscopic plants are carried about by every gust of 
wind, so that it is difficult to keep any one batch of liquid free from 
contamination. In order to control the action, all organisms already in 
the material are destroyed by a preliminary heating, called sterilization ; 
after cooling, a pure strain of the desired organism, grown under pro- 
tection (aseptic conditions), is introduced; this is called inoculation, or 
seeding. Not only the temperature, but the acidity has an effect on the 
activity (and growth) of the organisms; alcoholic ferments work well 
in an acid medium, while most of the bacteria are inactive; on the other 
hand, too high a concentration of alcohol will destroy the yeast itself. 
In order to grow, yeast requires air; it causes fermentation best out of 
contact with air. 


IisTDUSTRi.m Ancoiron 


Fruit juices are fermented and distilled, to concentrate the alcohol 
formed, for the production of potable spirits whose value lies largely in 
the flavor characteristic of the particular fruit used; the finished liquor 
purposely betrays the origin. It is different with industrial alcohol, for 
this must be as near chemically pure as possible, and must bear no marks 
of the original material. Industrial alcohol is ethyl alcohol, 95 per cent. 
The sources for industrial alcohol must be cheap, otherwise the uses will 
be limited; preferably by-products of other industries are sought. In 
the United States and in England, the chief raw materials are cane- 
sugar molasses and beet-sugar molasses; in France, sugar beets, and 
beet-sugar molasses ; in Germany, potatoes, lately also beet-sugar 
molasses. Any starchy material may be used, such as corn ^ and other 
grains; these are, however, generally more valuable for food purposes. 
The liquor from the sulfite wood-pulp digester has been made into alco- 
hol, and wood and sawdust have been used in experimental plants. In 
order to prevent the diversion of industrial alcohol to potable alcohol 


^ fairly cheap raw material may he obtained- 1 ton o? com 
gallons of 95 per cent alcohol ; at half the normal price the' raw material would 
be about 20 cents per gallon. For other prices, see further. maxeriai wouia 
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IiVj:)Ustria.l, chemistr i 



l*’ici\3UK IIG. — r-Yciist colls, inagnirio<.l 300 ''rhc (‘(‘Ils aro ilio tlis- 

in1.egral.in<^' onos; tlio dark colls the ^^rowiii^- one's. ''Pho iiitt'r-connoction 
botwoon laotlK'i* and daughter cells is shown in the' lowta* It'ft. ; in st‘\'oral 
places, a coll wii-h hrid formation is visible''. 



Figure 117. — Bacterium, lactis acidi, used for th.e production of buttermilk, 

magnified 1800 times. 
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uses, it is denatured by adding some material which is not easily sepa- 
rated by any physical or chemical process and which renders denatured 
alcohol unfit for use as a beverage. A number of different formulas are 
authorized b 3 ^ the Government so that the industrial user may select 
the particular formula which will have the least effect upon his particular 
process (see further) . 

For molasses, the process is essentially a fermentation^ followed by 
distillations. For potatoes and grains, the starch must first be rendered 
soluble by malting; the water extract containing the dissolved starch, 
the wort, is then fermented, and the fermented solution distilled. 

Alcohol from Molasses. IMolasses is well suited for the production 
of alcohol (ethyl alcohol C:>Hr,OI-T) for it contains sugar in a form 
which permits direct fermentation by yeast; the absence of hulls or peels 
also simplifies the process. Molasses is the final mother syrup in tlic 
crystallization of table sugar, or crystal sugar; 15 to 20 per cent of the 
sugar in the sugar beet, or cane, cannot be crystallized without special 
installations, because the accumulated non-sugars prevent crystalliza- 
tion.^" hlolasses from cane sugar differs somewhat from the l:)eet sugar 
molasses, as shown in Table 34.'^ 


Xakt.k 34. — Ajirfl^yai,^ oj Typical Cane and Beet ^1 olasses. 


Water 

Sucro.so 

RaffinosG 

Invert siisiir 

Ash 

Organic non-siiftars 


Oa ne n j ol 

PtT c'erit 

. . 20 

. . 30 

0 

. . 32 

6 

. . 12 


B (?et n 1 ol a ssers 


20 

50 

present 

trace 

10 

20 


Sucrose is the crystal sugar, and is the same substance whether made 
from the sugar cane or the sugar beet; it is a disaccharidc Ci^Ho^On. It 
is converted by invertase, an enzyme present in the yeast, into two 
molecules of monosaccharides, with the addition of w'ater: 

+ H.O == t CrJEIa::Oo 

sucrose (d) d-fjhicosc l-iruciose. 

The monosaccharides, glucose and fructose, arc attacked by the enzyme 
zymase, the most imi^ortant enzyme in the yeast, and arc changed into 
alcohol and carbon dioxide. Invert sugar consists of eciual parts of 
d-glucose and l-fructosc. 

The molasses is received at the alcohol plant in the form of a thick, 
dark syrup, transported in tankboats holding from 1 to 2 million gallons; 
another method which is less common is to concentrate the molasses in 
a vacuum pan, and to run the concentrate into cast-iron water-cooled 

Tl-ie chemist distinjruishes many kinds of sugars; sucrose, glucose, and fructose are dis- 
cussed in this section; raflFinose is a tri- saccharide, with Cis ; see Oliapter 23. 

® The limit is 60 parts sugar to 40 parts non-sugars. 

» Chem, Met. Eng., 16, 437 C1917). 
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molds, where it solidifies to a loaf. The mold is previously lined with 
paper which sticks to the loaf and protects it against moisture absorp- 
tion. Wooden casks are now rarely used. 

The molasses is diluted wdth enough water to produce a solution or 
^'mash” containing about 10 per cent sugar. A nutritive solution may be 
added to the mash after dilution, providing there is insufficient yeast 
food in the molasses. With cane molasses a small amount of sulfuric 
acid is added (about one gallon of concentrated acid to 4000 gallons 
mash) in order to produce a slight acidity which retards any bacterial 
action. With beet molasses it is necessary first to neutralize the mash 
and then add sulfuric acid as in the case of cane molasses. The yeast 
requires a slightly acid solution for its most vigorous growth. If desired, 
the bacteria in the original molasses may be killed by sterilization, in 
which case it is only necessary to be sure that the mash is not alkaline. 
Cane molasses requires no acid if sterilized. 

Previous to this mashing, the laboratory has prepared yeast in suffi- 
cient quantity to inoculate the mash; about 5 per cent in volume is 
reqviired for proper fermentation. The mash is brought to the proper tem- 
perature and the yeast added. Considerable heat is evolved during 
fermentation, causing the temperature of the mash to rise. This should 
be controlled so that the final temperature never goes above 100® F. 
(37.8® C.) . If there is no cooling available, such as coils immersed in 
the fermenting vats, it is necessary to cool the mash before adding the 
yeast. The proper starting temperature can only be determined by 
experimenting but it is usually around 70® F. (21® C.) . The time required 
for complete fermentation is about three days. 

In about three hours" time after adding the yeast the evolution of 
carbon dioxide can be readily observed. The amount of this gas gradu- 
ally increases until at the end of 24 hours the entire mash appears to 
boil. During the early stages of fermentation the yeast grows and then 
proceeds rapidly to convert the glucose and other monosaccharides into 
alcohol. At the same time, the enzyme invertase in the yeast is con- 
verting the sucrose to monosaccharides. 

The fermentation vats arc commonly made of steel but may be made 
of any material which can be readily sterilized. Wooden vats were 
used in some of the older installations. The yeast tanks, like the fer- 
menting vats, must be constructed of material wdiich can be easily 
cleaned and sterilized; best of enameled iron. 

The principal reaction during fermentation is 

CaHxrrOe > 2CaIl50II + 2COa 

other products formed are higher alcohols, called fusel oil (of which 
iso-amyl alcohol is the principal one) , glycerin, and a small amount of 
organic acids. 

The carbon dioxide evolved from the fermentation may be collected 
by covering the fermenters and piping the gas away. The gas is usually 
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purified by scrubbing with water to recover the alcohol contained therein 
and then passing the gas through an absorbing material such as char- 
coal to remove the odors. It is then compressed and bottled in steel cylin- 
ders as liquid carbon dioxide or made into the solid.® 

The product of the fermentation is a w'eak alcohol, which must be 
concentrated; this is followed by rectification. The final product is 95 
per cent alcohol. The yield is about 0.4 gallon (U.S.) per gallon of 
molasses, analyzing as shown in Table 34, and this represents about 90 
per cent of the sugar converted to alcohol. The loss is due to alcohol 
vapors ^ which escape from the fermentation vat, and to side fermenta- 
tions which produce other substances than alcohol. The residue from 
the distillation is a more or less clear liquid which may be concentrated 
and evaporated to dryness for the potassium salts which it contains. 
The yeast remains in the liquor and is destroyed. In the larger plants, 
it is customary to run a smaller fermentation plant expressly to obtain 
yeast in pure cultures; the procedure is somewhat different from the 
main fermentation. The species of yeast best suited is taken from the 
surface of the sugar cane. 

Alcohol from Grain and Potatoes. The method of making alcohol 
from grain and potatoes includes the fermentation described under 
molasses, but in addition a preliminary treatment designed to dissolve 
the starch, the source of alcohol in this case, and to hydrolyze it, by 
enzymes, to a form of sugar which can be attacked by yeast. 

The process as practiced with potatoes may serve as illustration. 
Potatoes contain 15 per cent starch, which is insoluble in water, and 
moreover surrounded by pulp. The potatoes are placed in a cooker with 
a conical bottom terminating in a valve; 60-pound steam is sent in, for a 
period of perhaps one hour, after which the cooker is blown empty. The 
pulp so obtained is made up with water, and contains the starch free and 
in solution. After screening off the skins, the suspension is mixed with 
malt wdiich by virtue of its diastase (an enzyme) content changes the 
starch into a disaccharide, maltose. After the proper period, the maltose 
solution is drawn off from the insoluble, settled portion (washed twice) , 
and is ready for fermentation; this solution is the wort. The suspension 
as a whole, after the malting period, may be fermented and subsequently 
distilled; the steps are the same as wnth the clarified wort, but special 
distilling apparatus must be used. 

Alalt is made in a preliminary operation, by the controlled (partial) 
germination of barley. The barley is first steeped in cold water, then 
heaped on the floor in the air, and occasionally turned over; the tem- 
perature rises, oxygen is absorbed, and carbon dioxide is given off. The 
germ within the barley, the plumule or acrospire, grows by this process, 

® Chapter 12. 

® In. the installation with carbon dioxide recovery, this alcohol is saved. 

The still residue is first concentrated at 32® B6., and this thick liquid supports its own 
combustion in special furnaces ; the ash contains the potassium. The primary purpose of the 
operation is to dispose of the enormous amount of waste liquor. See Chapter 8. 

^ The proportions are 2 pounds of malt to 100 pounds potatoes; for com Cmaize), 8 pounds 
of malt to 100 pounds of com. One ton potatoes gives 100 to 120 United States gallons. 
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and contains the desired soluble ferment, the diastase. Such malt, crushed 
between rollers and mixed Avith some water, is the agent which alters the 
dissolved starch to the sugar, maltose. About four-ti Ttlis ot the starch in 
the iK)tato is obtained in the wort, as maltose solution. 

Instead of malt, mineral acids may be used. 

The dilute alcohol from the fermenting vats (7 to 12 })er cent) is 
concentrated by distillation in an apiiaratus with (‘ontiimous oi^eration. 

CONCEKTRATION AND RECTIFICATION IN A SlNGIU:, CONaTNUOLTS SVSTKM 

One of the earliest and best-known methods for the c‘ontinuous dis- 
tillation and rectification of the fermented liciuor, with cu)mplete sepa- 
ration and purification of the 95 per cent alcohol and liy-products, is that 
of Emile Guillaumed- This process has been modified and imi)rovcd in 
the intervening years, and others invented, but inasmuch as it illustrates 
principles common to all, it will be described here. 

The Guillaume Process. The essential I'jarts of the Guillaume process 
are shown in Figure 118. The apparatus consists of a ])oiler (not shown} , 
the rectifying column A, the purifying still R, a vessel (' to maintain 
a given alcoholic content, a distilling column D for exliausting the charge, 
the alcohol still E, dephlegmators, condensers, and auxiliary ai)])aratu 3 . 
There is no connection between still B and column L> ; ti solid metal plate 
(21) separates them. They are superimposed merely for coiiAaaiicnicc. 

The crude alcoholic vai>or from the boiler enters the internal drum, 
at 2, in the bottom of still A, merely passing through on its way to still 
B through pipe 3. This drum is the source of heat in A. 

All of the boiler vapor arrives in R, it is merely somewhat cooler, 
and partly liquefied. A portion travels dowui the plates of this column, 
to meet an entering supply of live steam (entering at 38) . The con- 
densate loses aldehydes and all volatile impurities, and reaches the bot- 
tom of B. The condensate is almost pure. It is conve^^ed through inpe 4 
to the storage vessel C. 

In By the volatile impurities travel upward, being at the same time 
fractionated. A regulated stream of water is added at 29, in order to 
dilute the alcohol sufficiently to hold it back. The fusel oil is drawn off 
at 31, to be fractionated further in a seiiaratc apparatus; this fraction 
contains am 3^1 alcohol, amyl valerate, ethyl acetate, ethyl isovalerate, 
ethyl butyrate, and similar bodies. Escaping condensation in the dcphleg- 
mator G, the aldehydes and formate esters pass into condenser J and 
from there, now liquid, to receiving vessels. 

By adding water at 29, the various esters and higher alcohols can 
be distilled away from the alcohol without any great amount of alcohol 
distilling. This is because the esters and higher alcohols are compara- 
tively insoluble in water and do not suffer a reduction of vapor tension 
due to water admixture as does ethyl alcohol. 


3 2 TJ. S. Patent 887,793 <1902). 
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The purified, weak alcohol in C is delivered at a continuous^ rate to 
the still D, where it travels over the plates downAvard, meeting live 
steam which enters the column D at 39. There passes out of D to the 
open column 41 a vapor containing all the alcohol and considerable water; 
it reaches column E where it is condensed, fractionated and concentrated 


Ficitrk IIS. — ^rho Guillaume 
for llio 

t ration ami i-ocl illeat ion 
by ronlinuous operation 
of the bof‘r from the fer- 
iii(‘iitin<? vat:^. yl, recti- 
fy’ in still ; purifying 

still; Z>, wtaik alcohol 
still; 41, oiK'ii still sur- 
iiiountod by alcohol col- 
iiinii. a, storage vessel 
for hot hydrous alcohol. 
(^Sce text for other 
parts.) 



in the usual way. The product from E is 86 per cent alcohol^ still purer 
than when it entered vessel C, for a small amount of amyl alcohol is 
removed from the lower plates and sent to 48; it leaves JE at the upper 
plate through line 12 leading to the bottom of still A, where the final 
rectification to the full strength takes place. A weak residue jjasses out 
of A through pipe 44 and is returned to the system at still B. The strong 
alcohol leaves A through pipe 16. It is passed through a supplementary 
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column for a final purification of such esters as were formed during the 
process of distillation, through oxidation and esterification. 

The flow of the various liquids is regulated by valves and a control 
mechanism located in open still 41, and depends upon the temperature of 
the vapors. 

In one of the more recent continuous processes for the production of 
95 per cent alcohol, the addition of liquid water is avoided, only water in 
the form of steam is injected. The proi3er operation is insured by the tem- 
perature at a selected point, about two-thirds of the way up, 85° C., under 
which condition the vapor passing out at the top of the still wall be 95 
to 96 per cent alcohol. Should the temperature go higher, a larger amount 
of condensate from the condenser above the still is returned to the still; 
should it go lower, the amount of the same cold liquid is decreased. 

The concentration of aqueous alcohol is possible because when it is 
vaporized, the vapor is richer in alcohol than the liquid from wdiich it 
rises {see Fig. 119). There is at each plate of the still an enrichment 



FioiaiE 119. — Difference in compo- 
sition betAvoen ilio vnpor and 
the liquid for alcohol-water 
mixtures. Abscissas, boiling tem- 
peratures; ordinates, percent- 
ages of alcohol in a, the vapor; 
6 , the liquid. Kx.ample : At 
90® C., the liquor has 16% al- 
cohol, but the vai)or rising 
from it has 62%. 


of the vapor, wdiich rises to the next plate, there to gain again in alcohol, 
while the liquid descends, to meet on the lower plate a leaner vapor to 
which it loses alcohol. The paths of vapor and liquid are counter- 
current. Pure alcohol (ethyl alcohol C 2 H 5 OH) boils at 78.5° C., water 
at 100° C.; starting with an aqueous alcohol, the gain in alcohol in the 
vapor continues until 97.2 per cent by volume is reached; beyond that 
the vapor no longer differs from the liquid from which it rises (constant- 
boiling mixture, with boiling point 78.174° C.) ; for this reason, 97.2 per 
cent alcohol is the highest strength obtainable by distillation alone. Indus- 
trial alcohol contains 95 per cent alcohol; the remainder is water. 

U. S. proof'^ contains 50 per cent alcohol; “200 proofs' is pure 
alcohol. The “100 British proof is slightly stronger than the 100 U. S. 
proof. Alcohol of 100 U. S. proof will burn when touched with a match. 

Synthetic ethyl alcohol is made from ethylene or from acetylene 
(Chapters 24 and 25). 

^ U. S. Patent 1.835.848. 
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Cost aistd Uses of Ixdetsthiae Alcohol 

Alcohol has so many uses in the industries and in the arts that it may 
be said to be indispensable. This is reflected in its production figures, 
which are large; for 1935, (as reported to the Bureau of Internal Revenue) 
193,218,597 gallons in terms of proof gallons, that is, 100 per cent ethyl 
alcohol. In 1931, the U. S. production was 75,731,000 gallons, in terms 
of 100 per cent alcohol. In 1929, the production was 106,960,458 gallons, 
with an average quotation of 48 cents a gallon; in 1935, the value of the 
ethyl alcohol (and a small amount of ^^other alcohols’^ , was $31,382,286. 
Some of the uses depend upon its chemical nature, and no other substance 
could be substituted ; chief among these is the manufacture of ether. 
Other chemicals are made from alcohol, although they could be made from 
other raw materials; chloroform is an example. The perfume industry 
makes use of the solvent power of alcohol for essential oils; no suitable 
substitute is known. Certain flavoring extracts (vanilla) similarly require 
alcohol as solvent, as do furthermore the lacquer, Celluloid, smokeless 
powder, and other industries. Alcohol serves also as a fuel, in lamps 
and burners, liquid, and in the foiTii of '^solidified alcohol” or as motor 
fuel in internal combustion motors; this latter use is susceptible of con- 
siderable development which will depend upon the supj^ly of crude oil 
and gasoline, and on the price of alcohol. 

The cost of alcohol dex^ends upon the cost of the raw material, on 
the cost of fuel,^^* and on the efficiency of the fermentation. If molasses 
costs 10 cents a gallon, which would be high, and 2-J gallons of molasses 
are required to make 1 gallon of alcohol, the usual yield, then the latter 
must amount to 25 cents for raw material alone. The cost of converting 
molasses into alcohol is about 4 cents per gallon deposited in storage 
tanks. There is an additional cost of about 4 cents for overhead and 
for labor and materials required in denaturing, barreling, shipping, etc. 
The selling price for alcohol is in the neighborhood of 40 cents per United 
States gallon. In Germany the price is less, because of a state subsidy. 
It has been estimated that with wood waste as a source, a much low^er 
cost might be reached. 

In nearly all countries, ethyl alcohol for industrial purposes may be 
obtained tax-free; in order to prevent the diversion of such alcohol to 
beverage uses, certain distasteful, even poisonous substances are added. 
In the United States, there are tw’^o classes of denatured alcohol: Com- 
pletely denatured, which may be sold without a permit, and especially 

Chapter 30. 

XJ. S. Fatent 1.208,265, to C. Baskerville. The proportions and ingredients are 10 to 15 per 
cent saturated calcium acetate solution, 85 to 90 per cent industrial alcohol, 0.5 to 1.0 per cent 
stearic acid. 

ao The fuel required is estimated at 11 pounds of coal per gallon. 

The residue from the wood used \vould be the fuel, involving no additional cost. “Wood 
waste as a source of ethyl alcohol,” G. H. Tomlinson, Cherrh. Met. JSriQ., 19, 552 (1918); see also 
Chem. Met. JSng.^ 21, 558 (1919), and the chapter on the manufacture of alcohol from waste wood 
and sulfite cellulose liquor in -Industrial Alcohol,” by J. G. McTntpsh, revised by H. S. Stocks, pub- 
lished 1923 by Scott, Greenwood and Son, London. It would seem that the cellulose proper is not 
the source of alcohol ; a residue of 65 per cent of the wood used is left, corresponding closely to 
the cellulose present; comj>are p. 183, in the book of McInto.sh and Stocks. Soft woods give 25 
gallons per ton, hard woods only 10- Note fwthermore the Bergius process, chapter 16. 
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(Icnatiirocl iilcohol. Tlic staiidard clenaturod alcoliol for radiators t*c)n- 
taiiis, to 100 parts SO per cent ctliyl alcoliol, 5 of isopropanol, 0.75 of 
aldcliol A, 0.75 of alcotate, 0.25 of tcrpincol (1933). "Fhc c|uotation for 
completely denatured alcohol, J^'ormiila No. I, is 44.3 cents a p:;allon in 
druni jots (54 j 2 ;allons) , in June, 1937. Aldcliol is the name ^'iven a liquid 
made by blowing; air thiani^li boilinji; kerosene. 'Inhere are over 30 spe- 
cially denatured alcohol formulas suitable for specific*, ]nirposc'.s. Tliesc 
arc sold to manufacturers wlio may selec*,t denaturing; materials wliicli 
have no effect upon their particular processes. 

Br1]\V l NUS 1 NU>USU'R^' 

The manufacture of beer will be descuulic'd for a l)rc.^wcu-y of small or 
medium size (40 to fOO y)arrcls per day, 1 l^arrcl ™ 31 p;allons). 

The I'lrcparation of malt is ^iven under industrial alcoliol; tlic' lircwcr 
may prcpai'c his own malt, or, as is common, buy it from Ihc: malt house; 
it is delivered in trucks. Tlie malt is placed in the ^hnash tuns/' large 
irc:>n vessels with agitators, and ^hnashed,” tliat is, made up with \vater 
at 160° F, (60° C-). The ])urposc of mashing is to extract from the malt 
the saccharine suV)staneos, dextrine, and to change the unc,on vcuMamI starch 
into sugars. By means of steam coils in the tun, the heat is gradmUly 
raised over a period of 2 to 3 hours to 180° F. (82.2'* Ch). "Fhe starch 
and diastase extract is passed through a false bottom to the '^M)rewcr’s 
kettle,” a copper boiler, situated on a lower floor, d'ho rc'sidue in the tun 
is made up wdth water again, and this extract added to the first (^tsparg- 
ing”). Tlic liquid at this stage is: called the ^^wort.” 

Ill the copper boiler, corn sugar and dried bo[)s are addcMl; 5 pounds 
of sugar and onc-lialf pound of hojis to each barrel of wort. By means 
of a copper steam coil, or steam jacket, the wort is lirought to a lioil. 
After boiling for one-lialf hour, another, but smallca- amount of liojis is 
added. A little later, the steam is sluit off and the c'oidents left at rest; 
if the hnver part of the settled licpiid is drawn off, t.lic I’cmainder will 
be a brilliantly clear, browri-eolored liquid. It is sent, to a long rectiuigii- 
lar tank about 3 feet deep (or other coolers), and allowed to c'ool. The 
olqcct of boiling is to (‘.oncentratc the wort, to cxtracd. the hoyis, and to 
coagulate albuminous substances and cause tlicm to settle with finy uncon- 
verted starch. 

The clear hopped wort from the cooler passes to the fermentation vats, 
which may be made of wood, aluminum, or glass-lined steel (vitrified 
enamel). They may be circnlar, oi* square in cross section. The fermen- 
tation is carried on at 68° F. (20° C.) . Yeast is added at the rate of 
-o to 1 pound per barrel of wort. The fermentation begins after some 
time, and progresses slowdy ; should it go too fast, the liquid is cooled by 
cooling coils, in order to retard the action; after 5 to 7 days it is complete. 
As the action progresses, the amount of yeast increases, and is skimmed 
off. It is used over again, provided a test culture shows it to be pure. If 
the fermenting action is too slow, more yeast is added. The greatest care 
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must be taken to exclude other organisms, and this leads to a cleanliness 
which makes a brewery a show place. The material which ferments is, 
among other things^ the corn sugar, so that by regulating its amount, 
the amount of alcoliol in the finished beer may be largely controlled. The 
1933 law allows 4 per cent by volume, or 3.2 per cent by weight. 

^Vhen tlie fermentation is considered comidete, the liciuor is placed in 
resting tuns. It then }'>asses aftcir one or more days to a filtration vessel, 
in which ‘‘Filter Ccd’’ or a similar filter aid is added, stirred in, in order 
to furnisli ]>oints of attachment for the colloidal substances and the dead 
yeast cthl, preparatory to filtration. Filter leaves are immersed in the 
beer, and the clear beer is drawn out, free from any yeast, by a pump; 
it is deli\'ere(l to storage casks in the cellar. It remains in storage a mini- 
mum of 4 days, but, better, for weeks or months, at the temperature of 
40''' F. ('4.4" C.). Tlie beer improves with the y^eriod ni‘ s.torage. It is 
carbonated in a s])e.cial carbonating tank, by j[)assing in sterile carbon 
dioxide under pressure. 

For sliipment, the }:)ecr is kegged or bottled; if the hitlc‘r, the bottles 
are pasteurized at 180"'" F. aftcu* capping. 

AbSOMITK At.COITOT. ok COMMKRClAr. 

In addition to industrial alcohol, there is now on the market, in drum 
lots and carload lots, 100 per cent ethyl alcoliol, called absolute alcohol. 
This material has ]3roi)crties of miscibilities wliich industrial alcohol does 
not possess. In making a motor fuel from gasoline and alcohol, 95 per 
cent alcohol may be used, it is triie, but only by introducing a third com- 
ponent, such as l^enzene ( = l^enzol) , ether, or tetralin (Chapter 25) . With- 
out this third component, industrial alcohol does not mix with gasoline. 
Absolute alcoliol does not reejuire a blending agent; it is miscible with 
gasoline in all proportions. 

Such blended motor fuels arc of no economic interest in the United 
States, where gasoline is abundant and cheap, but they^ are important 
in countries W’hich must import their petroleum products. Even in the 
United States there have been proposals to add 5 per cent alcohol to 
gasoline, as a ^‘Farm relief’^ measure; to date, they have come to naught. 

A second important demand for absolute alcohol comes from the 
lacquer industr^y, in which it is a valuable solvent. 

Thanks to several continuous methods, absolute alcohol is obtainable 
at a very reasonable i^rice. 

The Keyes Process. In the process patented by Donald B. Keyes 
advantage is taken of the fact that on addition of a third constituent 
such as benzene ( == benzol) to the alcohol and water present in 95 per 
cent alcohol, a three- constituent mixture, or ternary mixture, with a con- 
stant, low boiling point, is formed, and this mixture may be driven out, 
leaving the greater part of the alcohol free from water in the lower part 
of the still. The benzene as well as the alcohol in the ternary mixture 


la U. S. Patent 1,830,469. 
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may be recovered completely by suitable secondary operations. This is 
facilitated by the interesting fact that on cooling, the ternary mixture 
condenses to form two immiscible layers, the upper containing most of the 
benzene; the lower, most of the alcohol. By means of a separator, these 
tw'o layers are divided, and sent to different rectifying stills. 

The ternary constant boiling mixture boils at 65° C., and contains 


Alcohol IS. 5% by wc'ight 

Bonzone 74.1% 

Water 7.4% 


It boils considerably lower than i3ure, dehydrated alcohol (78.5° C.). 



Figure 120.- — The Keyes process for absolute alcohol. At the right, the main 
still, giving absolute alcohol at its base. 20, benzene column; 38, alcohol 
rectifying column; 47, alcohol recovery column. (For other parts, see 
text.) 


On condensing, this ternary mixture forms two separate, immiscible 
layers, which have, at 28° C., the following composition: 


Upper layer Uower layer 

Alcohol 11.6% by weight 51.3% by weight 

Benzene 85.6% 8.1% 

Water 2.8% 40.6% 


Of the total, the upper layer is 84.7 jier cent, the lower, 15.3 per cent, 
all by weight. 

The procedure will be described in greater detail, with the aid of 
Figure 120. Industrial alcohol is fed into a 40--plate still, the main still, at 
the tenth plate from the top. Benzene is introduced, in an amount suf- 
ficient to form the constant boiling mixture with all of the water present. 
Fractionation takes place, the liquid becoming richer in alcohol as it 
descends, while the vapors of the ternary mixture pass out at the top of 
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the still. These vapors reach dephlegmator 9^ which is kept at 65^ C., 
so that any excess alcohol vapor is condensed and runs back to the still; 
they continue to condenser 13, where they liquefy, and from there run 
into separator 16, where the two layers form. Heat is supplied to the 
still by a steam coil; the temperature at the base of the still is 79° C. 
The absolute alcohol is drawm off at that point, cooled and stored. 

The upper or benzene layer in 16 passes to the benzene column, 20, 
heated by a steam coil (indirect heat) . There rises the ternary constant 
boiling mixture, consuming all the alcohol and water, but leaving the 
excess benzene. This latter is drawn off, cooled, and is pumped back into 
the main still through pipe 30. 

The lower layer in 16, wdiich might be called the water layer, passes 
to scrubber 31, Water is run in, and two layers form again; the upper 
layer is run to column 20, where its benzene is abstracted. The lower 
water layer goes through pipe 37 to column 38, heated again by a closed 
steam coil. The ternary mixture rises, this time exhausting the benzene, 
leaving the excess alcohol and w'ater in the still. The vapors are 
dephlegmated and then condensed, and pass to 16. From the bottom of 
38, a 30 per cent alcohol is drawn and sent to the alcohol recovery col- 
umn 47, which sends out at its top in vapor form 95 per cent alcohol, and 
allow's removal at its base of the water. The heat for this column is 
also indirect. 

This process has been in successful operation for several years. 

Other substances instead of benzene may be used as the third con- 
stituent in the ternary mixture which is essential to this process ; for 
example, ethyl acetate, carbon tetrachloride, or hexane. 

Another process w^hich uses a water-immiscible liquid as a means of 
removing the water from 95 per cent alcohol to produce absolute alcohol 
is the Steffens process.^^ 

The Glycerin Process. In the process patented by Joseph Van 
Ruymbeke a different principle is applied. A countercurrent of glycerin 
is allowed to flow through the still, downward, w^hile the alcohol-w’ater 
vapor rises. The glycerin acts as dehydrating agent, finally reaching the 
bottom of the still with all the water combined with it, w^'hile the alcohol 
vapors passing out of the top of the still are low in water, or free from 
water, depending on the volume of glycerin relative to the volume of 
95 per cent alcohol used. The more the relative amount of glycerin, the 
drier the alcohol. In order to produce 1000 liters of 98 to 99 per cent alco- 
hol, there must be fed in at the top of the still 1000 liters of glycerin. 

The glycerin and wnter passing out at the bottom of the still con- 
tain also a considerable amount of alcohol. The alcohol is recovered 
in second rectifying still, in wdrich the glycerin-alcohol-water solution 
passes down, while steam, injected at the base of the still, passes upward. 

Althougli absolute alcoliol made by this process is essentially pure, it retains enough benzene 
to give the absorption bands of benzene, in the ultra-violet region- 

20 TJ. S. Patent 1,670,053. 

21 U- S. Patent 1.459,699. 
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Tlic iilcohol-wnlcr va[> 0 ]'ti passinjj; out at the top of the still a, re eenccn- 
trated in otlicr stills h\ llio usual way, while a water solution of p:lycerin 
is obtained at the 1 bottom. This dilute p;lyocrin is eoncentrated as 
explained in the chapter on Soap and Cdyccrin, and may then be used 
over a.j^ain- 

In a later patend;,-- tlic same inventor adds del lydral iiuj; salts such as 
ZnClu, CaOlii, lCi*CX):j, to the j^dyecrin, and obtains aJeohoI with 99.8 
per cent content. The solution ot* water, e;lycerin, salts, and alcohol is 
distilled with steam, as before, iind the hydrous p;ly (*(M‘in-salt (‘omamtrated 
rn vac.i.f.o at C. ; when desired, the glycerin may be rec*overed by itself 

hy distillation at reduced pressure. 



l^'iGURK 121. — alcohol fermentat ion tanks of 50.000 <iallon. (^a]’>iu*il.y 
each; only Lhc top of tank is shown at iipv>or level; the’ tanks <’xtend 
t.hroii^h the floor to lower lov(4, (Courtesy of t.lie Ooinmorcial Solvents 
Corporation, Terro Ilauto, Ind.) 


AcnTOJS ii: amd Butvi. Ancojtion 

Acetone and but 3^1 alcohol arc obtained by the l)acterial action of 
selected organisms on corn or other carbohydrate. (See Tigs. 121, 122.) 
In the Fernbach-Strange process, the organism is designated as “of 
the type of the butylic bacillus of Fitz,” and is allowed to act at 30° 
to 35° C. in the absence of air; 50 per cent of the malted starch is changed, 

~ IJ. S. Patent 1,474,216. 

U. S. Patent 1,044,368 <1912). 
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to ^‘ivc acetone and butyl alcohol in the proportions of 1 part acetone to 
2 parts of butyl alcohol. In the T:>clbrueck-Mcisenberg proccss,^^ the 
Dacilliis niacercuis is sj^rcad on fruit peel, asbestos^ or other inert material 
with large surface; the solution containing the sugar with the necessary 
nutritive material, the same as for yeast, is added; after 5 day^s the action 
is comidetc; 90 x^cr cent of the sugar (best as molasses) is changed to 
acetone and butyl alcohol. In the Weizmann x">i'Occss,-"‘ corn is very suit- 
alDlc; the organism is DacilL'iis Clostridium acctob^ltyl^cunh^ cultivated 
from organisms originally found on the surface of the corn and other 
cereals. 



h 1GT.JRK 122. — SOO-sralJon bacteria-m'onMjrjUT on tanks for butyl alcohol fer- 
mentation; one tank furnishes i he i amount of culture for one 50,000- 
sallon fermentation tank. (Courtesy of the Commercial Solvents Corpo- 
ration, Terre Haute. Ind.) 

The ])rocess is as follows: The crude starch from the corn (Chai:)ter 
23) is mixed with water in the ^^mash tiins/^ then run to the ^^cookers/’ 
closed vessels in which the suspension is heated, giving a thick, sterilized 
starch paste. After cooling to 98"^ F. in water-j acketed coils, the starch 
paste enters the fermenting tanks; a charge of bacteria culture is added, 
to 40,000 gallons of paste, 800 gallons of culture. The action begins after 
four hours; the jelly-like starch paste begins to liquefy^, gradually becom- 
ing a thin watery liquid. At the same time, gases are evolved and pass 
out with great violence. Gradually the foaming subsides, and forty- 

JJ. S. Patent 1,169,321 (1916). 

25 Brit. Patent 4.845 (1915). 




344 


INDUSTRIAL CHEMISTRY 


eight hours after the addition of bacteria to the i)aste, the action is over. 
The starch has been converted into liquid products, and gases, hydrogen 
and carbon dioxide. The liquid products are formed in the ratio of 6 parts 
butyl alcohol C 4 II 0 OH, 3 parts acetone, and 1 x:»art ethyl alcohol. 

Extreme care is used to protect the Clostindhc-m acetohutylicuin from 
outside influences which might decrease its activity. A sui:)ply of the 
pure organism is always at hand, and more put away, mixed with dry. 
sterilized earth, in which condition it lies dormant for months and even 
years, A little of the earth is placed with an ounce of starch joaste in a 
test-tube, kept at 9S° F.; after one day, it is liquid, and tlic ounce is placed 
in a quart of the paste. In one day, this is liquid, and is placed in a 
10-quart flask; at one day's interval, transfer is made successively to an 
80-quart lot in an enamel tank, then to the final 8()0-quart batch. Each 
fermenting vat receives a culture made directly from tlie dry earth bac- 
teria, over a period of five days.-^ 

The purification consists of the following steps: The j^roduct of bac- 
terial action, called the is distilled in order to separate all the vola- 

tile substances from the non-fermentod residue. The distillate is next 
separated by a second distillation into the acetone fraction (boiling point 
56^ C., 132.8° F.), the ethyl alcohol fraction and the butyl alcohol frac- 
tion. All three are refined further; the refining of the latter is done in 
accordance with an interesting patent.-’^ 

The hydrous butyl alcohol is distilled in a column still with plates, 
heated by a steam coil; as received from the previous distillation, it con- 
tains water. There passes over the constant boiling point mixture contain- 
ing 70 per cent butyl alcohol and 30 per cent water, at 90° C. (194° F.) ; 
on cooling this distillate, it separates into 2 layers, an upper layer with 
20 per cent w^ater and 80 per cent butyl alcohol, and a lower layer with 
96 per cent water and 4 per cent butyl alcohol. The lower layer is drawn 
off and sent through the beer stills again ; the upper layer is returned to 
the still, where it forms once more the 30 per cent constant boiling mix- 
ture, which passes out. The vapors passing out carry more water than 
the liquid returned, so that the still gains in butyl alcohol, and loses in 
water. Some excess alcohol vapor passes out with the constant boiling 
mixture, but is returned to the still by a dephlegmator kept at 95° C. 
(203° F.), ^vhich condenses it (boiling point 117° C., 242.6° F.), while it 
allow's the 70 jicr cent mixture to pass out to the cold condenser. Finally 
the still contains only anhydrous biityl alcohol; this condenses on the upper 
three plates, free from any impurity, and may be drawn off from there. 

Butyl alcohol itself is a solvent in lacquers; besides, it serves to make 
butyl acetate, a still more valuable and important solvent (see table of 
manufactures), and a number of other ’ esters. Butyl alcohol is manu- 
factured not only by fermentation, but also by synthetic processes. 

In 1935, 58,145,494 pounds of butyl alcohol, by fermentation and by 
synthesis, were produced (9 cents a pound). 

From a description kindly furnished by the Oommercial Solvents Corp., Terre Haute, Ind. 

27 U. S. Patent 1,394,232 C1921). 
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The hydrogen and carbon dioxide gases from the fermentation tanks 
are utilized in the catalytic synthesis of methanol, one of the most bril- 
liant achievements in chemical technology (Chapter 25). 

During the war, acetone was greatly needed, ethyl alcohol also, while 
the demand for butyl alcohol was limited. Efforts were made to develop 
an organism which w^ould x:>roduce acetone and ethyl alcohol only; one 
such investigation resulted in the culture of a new organism, which w^'as 
called BacilLus acetoethylic'U'mP'^ 

Synthetic amyl alcohol, to which reference has already been made in 
this chapter, is obtained by chlorinating pentane, a low'-boiling fraction 
(28° to 37° C. or 84° to 96° F.) of casing-head gasoline.-® The chloro- 
pentane is then hydrolyzed, giving normal amyl alcohol; amyl alcohol 
from fusel oil is a mixture of iso-amyl alcohol and optically active (dextro) 
amyl alcohol. 

Tactic Acid. Lactic acid is formed by the action of BacteriijLin lactis 
acidi on molasses or other sugar-containing material. After dilution, 
chalk is added, and a nutritive solution, and the action allowed to take 
place at 40° to 45° C. (104° to 113° F.) ; the chalk is acted on by the 
lactic acid as fast as formed, and carbon dioxide given off; 

2C1TCHOHCOOH -h CaCOc == (CH«CHOIICOO):iCa + CO^ -f- K^O. 

Tlie chalk must be added because the bacteria become inactive if the 
concentration of the acid is allow'ed to rise above 1 per cent. The cal- 
cium lactate precipitates and is filtered, washed, and treated with dilute 
sulfuric- acid \vhich liberates the lactic acid in solution form. The calcium 
sulfate is filtered off, the solution of lactic acid clarified, and concentrated 
to 50 per cent lactic acid, a thick solution. Pure racemic lactic acid melts 
at 18° C. The 50 per cent solution is used in textile plants, and, espe- 
cially purified, in certain foods. 

The souring of milk is due to the same organism, wdiich forms lactic 
acid from the sugar in the milk, the lactose. 

- Citric Acid. Citric acid is made from cane sugar by the action of 
Bacillzis nigi'zts citrianus. The culture is added to a 10 to 12 per cent 
sugar solution, containing also a suitable nutrient solution, in flat alu- 
minum open pans, at about 40° C. (104° F.). Precautions are taken to 
keep the various batches from contamination from foreign bacteria. The 
raw liquor is worked up by adding milk of lime; the citric acid later is 
regenerated by means of sulfuric acid. The acid liquor is purified by 
adding sodium ferrocyanide solution, to precipitate any copper and iron, 
and then concentrated in lead-lined steel evaporators. The strong liquor 
is crystallized, at rest, to form large transparent crystals, or with agita- 
tion, to form granular citric acid, in either case, C 3 II 4 (OH) (COOH) 3 . 
HoO. The anhydrous form is in even greater demand than the crystals; 

ss Ind, Eng. Ch&m., 11, 723 C1919) ; or tJ. S. Patent 1,293,172. 

^ ‘mgh-boiling solvents from natural gas pentanes,” Lee H. Clark, Ind. Eng. Cherrt., 22. 439 
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opaque anhydrous eitrie acid is made directly from a hot solution by 
crystallizing at 40^ to 10()‘^ C. under a high vacuum (730 inin.).'^^ 

Natural citric acid is inadt^ from tiiC3 juice of lemons, in Italy and 
California. 

The manufacture of glycerin l)y ferinen ( ation is imdiulc^l in Chap- 
ter 32. 

The, conimcvcial importance of a luunber of substances mentioned in 
this chapter is indicated by the dollai* figures in tlie Table of Manufactures, 
at the beginning of tlie bcH)k. For citric acid, the. 1 93o ] H*inliH*tion was 
3 0,493,004 pounds, at 27.4 cents a i)ound. 

V nsrnoAR 

A dilute alcohol solution seeded with Bad (‘ri u'tn (K'cti, afttn* the addi- 
tion of nutritive solution, causes the formation (d* acadic. a(*.id, lu'ovided 
air has access to the vat. ^flie reaction is 

CdhOTT -1 -> C1-1;;C"( )( )TT 1 H.O- 

Wines are used to make vinegars, and furnish the strongest (8 ])C'r cent 
acetic acid) as well as those with the }jes.t fhivoi'. Cldiu- wdiicdi has l)o.eii 
fermented is largely used, and furnishes a 4 to 5 ptu' (*(‘ni, vinc'gar. 

The Bactaria nccti form films which are ealknl motlun* of viiiegar; 
the souring may take ]dacc in easks, tlie new stock bedng seeded by leav- 
ing a xiortion of the finished vinegar to mix with it. The more general 
process is to pour the new stock down sliavings wliicli cari’v tlu; mothers, 
while a gentle current of air ])asses upward. 

A very fair amount of acetic acid miide by bacterial aedion is used 
in the chemical industries, as such, and for tlio manid’acturc^ of etliyl and 
other acetates; generally the dilute acetic acid ina^- l)o used. 

Ethyl alrcdiol may be changed into acetic acid by catalytic oxidation 
at elevated temi:)eratures. 

OtJTKK 1^V^K.VTS 

XT. S. Pato'nt 1,SS5,09G, ]:)rocc\ss fur ])rodii(*iiift* butyl alcohol, ac*cUono, and ethyl 
alcohol from the same mash ; 1,85S,S0S, butyl alcohol and fictotono from a mash of 
waste pulp of a potato flour factory; 1,858,488, proj.>a"atin< 2 : yoast in a yc'ast nutrient 
solution consisting of a water solution of xnolassos, urea, and in iion-ammoniacal 
inorganic yeast nutrient solutions; 1,76G,715, prodiicition of lact.ic acid and its 
derivatives by fermoiilation of materials containing carbohydrates; 1,875,536, con- 
tinuous fermentation process for the iiroduction of butyl alcohol; 1,802,163, manu- 
facture of butyl alcohol, by fermenting a mash consisting of molasses, a phosphate, 
and an addition of malt germs; 1,818.530, continuous manufacture of yeast by the 
air- fermentation method; 1,380,007 and 1,432.761, chlorine on pentane in pro.sonce of 
activated charcoal and esterification of the amyl chloride at 400° to 450° F. and 
250 lbs. ^u’essure ; 1.982,160, manufaci.uro of acniio acid from fdcohol. 

PROBr.F.MS 

1. A Cuban molasses has a specific gravity of 1.4, and the analysis given in the 
text. There are received 100,000 gallons at Raltimore, Vjrought by tankers; this 
amount is fermented for ethyl alcohol. The conversion is 90 per cent, and the 

so French Patent 724,684 (1931), group 14, class 1. 
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recovery of the alcohol in the beer in the form of indiisstrial alcohol, 94 per cent. 
Expressed in pounds of 100 per cent alcohol, how many pounds are collected? If 
the industrial alcohol is 95 per cent, how many gallons are obtained, the specific 
gravity being 0.816? 

2. The starch contained in one ton of dry corn, with 73 per cent starch, is sepa- 
rated and cooked into a paste. It is then fermented to but^d alcohol and accom- 
panying products as listed in the text. The liquid products are, let us assume, 
50 per cent by weight of the starch taken. How many pounds of each arc ob- 
tained? The parts of the several products are parts by weight. 

3. Citric acid anhydrous is made from cane sugar. Over a period of several 
days, 10 tons of cane sugar are fermented into opaque anhydrous citric acid. The 
conversion is 75 per cent. The yield in crystal from acid in the hot liquor is SO 
Tier cent. Find Ihe weight of product. 

4. A brcwei’v plans to produce 100 barrels of beer a day. How many fermen- 
talion tanks will be required, how many mash tons and copper boilers? In order 
to have the xiro|^or capacity, what will be the size and number of the various 
vessels? Let ihe fernuuiting vats be squai‘e in cross-section, the other vessels cir- 
cular. It may be assumed that 105 barrels of wort will be required for the intended 
pi'oduction. 
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In CL democracy , it is necessary to dissemiixate ne'ws readily and 
chea'ply ; one of the indispensable agencies in that process is an abundant 
supply of paper. For the transfer of hno'wledge from generation to gen-- 
eration, hence for the preservation of hno'ivledge, paper is required. This 
material is therefore not only a convenience, hut one of the cornerstones 
of our civilization. 


Chapter 21 

Cellulose from Wood — Pulp and Paper 

Cellulose fibers arc the basis of any kind of paper. They were for- 
merly prepared from linen and cotton rags exclusively ; nowadays such 
rags are still used to a considerable extent, but the main source of cellulose 
fibers is wood. There would not be enough rags in the world to manu- 
facture the many tons of pajicr which arc consumed daily by our printing 
presses, and the cost of collection would make the price too high. Trees 
may be cut down in the forest, sawed into short logs and floated to the 
paper mill at a very slight cost; the supply is extensive.^ 

Cellulose fibers from wood arc used mainly in tw'o forms: (1) as ground 
wood, which is merely finely divided wood without purification; (2) in 
the form of chemical pulp, of which there are two kinds: (a) the soda 
pulp, made from chipxicd wood by freeing it from the non-cellulose portion 
by boiling with a solution of caustic soda; (b) sulfite pulp, made from 
chipped wood, by removing the non-cellulose portion by boiling it with 
a solution of calcium bisulfite. In addition to these pulps which are freed 
completely from the non-cellulose portion, and are practically pure 
cellulose, there are products of partially purified cellulose which arc 
used for special products; for cxamj:)le Kraft paper, made by the sulfate 
of soda process. 

The word pulp is used for any one of these products from wood or 
even rags, so that it is necessary to specify which pulp is meant; there 
is produced ground wood pulp, and chemical pulp, which latter may be 
further designated as soda pulp or sulfite pulp. Moreover, the dried 
fibers made into a wet sheet, as is done for ground wood pulp, or in dry 
sheets, as is done for the chemical pulps, arc termed pulps as well as the 
suspension made from any one of them with water. In this chapter, the 
term pulp will be applied to the dry or partly dried material; when made 
up with water, to a suspension, it will be termed a ci*eam. 

Other sources of cellulose are jute, esparto, bagasse, rice hulls, and 
straw. The process for separating the cellulose from the non-cellulose 
portions is not unlike the process employed for wood cellulose. Bamboo 
is also suitable, but it is best cooked with magnesium bisulfite solution'.' 

Making pulp is an industry distinct from that of making paper; pulps 
of all kinds are products on the open market, sold on demand. Their 
uses are very numerous; cellulose pulp is consumed (1) for making paper 

^ But not inexh.austi'ble ; ^ one of fhe major -problems of the conserA^ation of our natural resources 
is th.a-t of reforestation due in part to the ruthless putting down of forests for paper pulps. 

348 
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of all kinds, paper board, parchment paper; (2) for nitration (Chap- 
ters 31 , 33 , 35 , 37 ) ; ( 3 ) for viscose and other artificial silks; ( 4 ) for cello- 
phane; (5) for feminine hygiene articles, surgical dressings; (6) for fillers 
in plastics; and for other purposes. 

The making of paper and the making of pulp are not only distinct 
industries but different arts, with the former the finer one; this is one 
reason why they are distinct industries. A second reason is that pulp 
plants are usually situated in the forest lands near the raw material; 
the i^aper plants are situated near the market, that is, near the centers 
of population. It is cheaper to haul pulp than logs, particularly chemical 
pulp. In some cases the same company operates a pulp plant as well 
as a x^a^per-making plant, on the same premises. This is advantageous if 
the pulx3 plant is on a river, and not too far from the forest, so that the 
logs may be floated to the pulx3 mill, and if there is available at the same 
time water power to run the x:)aper mill machinery.- The haul of the 
finished pajoer to the market does not matter so much, since it offsets 
the haul of the pulxD to the paj^er mill. There also are pax^er-inaking 
plants wdiich bring their logs by railway to the j^lant, sometimes because 
X^ower may be had at the plant location unusually cheap, other times 
because the x>l^i^f was originally situated in the midst of forest land, 
which unscientific cutting caused to recede, necessitating the rail havil. 
In such cases the plant is usually fully paid for by the operations of 
X:)revious years, so that the resulting lower operating cost offsets the rail 
haul charge. 

The raw material for the x^^^lp manufacturer then is wood or other 
cellulose-containing materials, and his product is pulx^) ; the raw material 
for the X3ai:)er maker is pulp, and his product is pai3er, either the cheap 
Xoaper for newspax:)er, called newsxorint, or the somewhat dearer paper 
for books. The paper maker has an important second raw material in 
old papers, waste x:)ax5ers, collected from households, printing shops, and 
business offices in general. Without selection, this waste paper is used 
to make paper boxes; for making of book paper, it must be sorted, and 
the cheap grades containing ground wood pulp must be rejected. In 
the selection, advantage is taken of the fact that a solution of aniline 
sulfate gives a strong yellow color wdth x^^^P^^^ containing ground wood 
pulp, and no color at all with chemical x^ulp papers. The selected chemi- 
cal pulp paper is freed from ink by a short treatment with caustic soda 
solution in soda digesters, followed by w'ashing in compartment tanks. 

GnoTJi^n Wood Pxjlp 

Togs two feet long by four to six inches in width are pressed against 
a rotating grindstone forming the central part of the grinding device; 
a number of logs are applied at one time to the grindstone and held 
against its face by springs. The logs lie with their sides against the 
stone, so that the fibers are essentially undamaged; if the end of the log 

2 Such a case is that of the Oxford Paper Company, at Rumford Falls, hlaine, from which 
plant many of the figures used in this chapter are taken. 
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is pressed against the stone, a useless sawdust results. "Water is fed 
to the stone, washing away the meal formed, to a storage tank below 
if little water is used, hot ground pulp results, which will make a stronger 
paper; if much water is used, cold ground ]mlp results, which will produce 
a weaker paper. The quality of the puli) is further controlled by the 
I’oughening given the stone surface, and by the pressui*e api)lied to the logs. 

The cream formed is passed over s(*.rcK.ms {sac Tig. 123) or through 
centrifugal machines, in order to remove coarse i)articlc',s. The fibers 
may be concentrated to a sheet in the wet press macdiine, consisting essen- 
tially of a lower screen-covered, hollow cylinder, 1 hree-fouitlis submerged 
in the cream, against which an endless felt is presscKl. The water passes 
through tlie oi:)enings of the screen and flows out to a ])ox i)laced at the 
side of the tank; the fibers lie on the scrc^en and art^ carric^d by the* rotat- 



FirjURE 123. — Bird rotary shaking screen. A, slotted 
screen, which rotates; 7i, open dischiirgioj for <*loan(Hl 
sl.O(‘,k; 7?, waste pipe for tailiiig;s remova] ; 7^^ , flow- 

boxes. IDriving and shaking niochaiiisin iKjt sliowii. 

ing drum to the felt. The felt in turn carries it to two finishing rolls, 
the upioer one of which is of wood; the sheet is allowtul to coat this roll 
until a thick sheet is formed, which is rapidly removed at intervals. The 
thick sheet is placed in a hydraulic press to remove moi'e of the adhering 
water; when only 50 xDcr cent remains, it is ready to shii) as wet ground 
pulp, also called mechanical pulp. 

This product is now largely made in Canada; it is shi])pcd to the 
pai:>er-making i)lant. ISTot infrequently, it is made into nc^wsprint at the 
same plant, and this then s]iii)j>ed to the prini-ers ; wdicui this is done, tlie 
cream need not be concenti*ated ; it is sent at once to the boater. 

MAmisTu Nkw^pri^^t 

Newsprint contains some chemical j^ailp ; ground pul}) alone would 
give a i)aper with no strength at all. Tor each batcli, 1000 loounds of 
ground pulp and 150 pounds of sulfite pulp are taken and mixed in the 
beater, together with rosin size and clay; the mixing lasts an hour. The 
beater is a refining as well as a mixing device ; in the oval containing 
tank with central pai*tition the cream circulates, actuated by a drum 
carrying knives parallel to the drum axis. (See Fig. 124.) Any cluster 
of fibers present is disintegrated between the knives and a bed plate 
against which they work. The composition of the mix becomes uniform. 
After one hour the fibers are well disintegrated, and the rosin size is uni- 
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formly incorporated in the fibers; aluminum sulfate is then added to the 
cream in order to precipitate the rosin on the fibers. The rosin size is made 
by dissolving rosin in soda ash solution ; it is absorbed by the fiber, and 
fixed in an insoluble form by the addition of the aluminum sulfate, com- 
monly called alum. A part of the clay is left floating, in suspension; 
it is retained by the fibers at a later stage, on the screen of the pciper- 
making machine, A further statement regarding the functions of the 
beaters is given under book paper. 

The cream is now ready for the making of the sheet. It is accumu- 
lated in two “chests” for each paper-making machine. From the chest it 
is pumped to a small regulating tank on top of the machine, diluted with 
a large amount of watc-^r drained fi'om previous portions at the wire screen, 


PiGURE 124. — The beat or; the 
upper drawing is a vertical 
cross-section through the 
wheel side* ; the lower draw- 
ing a top vi€^w. 



and fed from a final small tank over a weir in the form of a continuous 
sheet to the rapidly moving ^hvire” below. The sheet of thinned cream 
is of the same width as the ^Svire”; it resembles a waterfall. 

The ^hvire'’ is the first part of a Fourdrinier paper-making ma(*hinc 
which has several modifications adapting it for the making of news])i*iiit. 
Its details are described further on; the main difference between the use 
of this machine for newsprint instead of for book i)ai)er is that it runs at 
a higher speed, as high as 900 lineal feet per minute.*'' 

Newsprint has the following composition: 

Ground wood pulp 1000 lbs. about 79% on dry basis 

Sulfite pulp 150 lbs. about 12% on dry basis 

Loading materials 115 lbs. about 9% on dry basis 

The iiercentages are given on dry basis, because paper contains a 

varying amount of water, averaging 5 i^er cent, even when it ai)pears dry. 


The Maistufacture of Book: Paper 


In order to show the sequence in the several operations involved in 
the making of book paper, a simple flow sheet is given below. 


Logs 


Ch-ippers 


W ash tank 


Digester — > Blow pit 

Fourdrinier machine < — Conical refiner < — Beater < — Wash tank 

3 “IVTodern pulp and paper making,*' G. S. Withairi, Sr., New York, Clieinical Catalog Co., 
Inc., 1920, p. 50. ^ ’ 


Bleach tank 
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Soda Pulp. The ground wood pulp ,pist described is tlic cheai')Gst of 
the several puli)s; it re<*eives no clieniical troiitnient, no bleaching, and 
is not refined in special devices. Soda pulp is somewhat dearer; it is a 
chemical pulp, made from poplar wood chiefly. The logs arc freed from 
bark, and chipped into slices about one-half inch thick. One form of 
chipper has four knives carried on. a large disk, in such a way that only 
the edge of the blade projects beyond the disk surface; the disk revolves 
rapidly, and each knife cuts a thin strip from the logs fed along their 
long axis at an angle to the disk. (See Fig. 125.) The slices are fed to 
a squirrel-cage disintegrator,^ which reduces them to chips about one-half 
inch thick by one-fourth inch long. The chips are screened to remove the 
dust formed, then loaded into a digester, covered with a 10 per cent caustic 
soda solution, and heated under a pressure of 100 pounds for six hours. 

The digesters for soda pulp are cylindrical steel ^ vessels tapering at 
both ends, unlined, and standing upright. For a digester 6 feet in diam- 
eter and 32 feet high, the charge is 11 cords of poplar chips; the product 



is 1200 pounds of puli^, dry basis, for each cord, or 67^ tons per digester. 
The steam enters from the top of the vessel, and passes through an inter- 
nal pipe to near the bottom, directly into the liquid.'^ 

The discharge is through a pipe at the bottom. A cock is opened 
when the cooking period is over, and the digester allowed to blow or 
discharge under its own pressure into a blow pit. While traveling at a 
high velocity, the lumps of cellulose fibers strike a bronze target and are 
reduced to small clusters. At the Oxford Pai:>er Company's plant at Fum- 
ford Falls, Maine, 27 digesters for soda pulp are blown per day. 

The blow pit has a false bottom, permitting the draining of soda 
liquor, now dark brown because charged with the ligneous portions of the 
wood. The pulp appears gray; it does not become white until bleached. 
It is washed free from soda on the countercurrent principle, either in the 
blow pit itself, or in special wash tanks. Hot dilute liquors are run onto 
the pulp, of such strength that the liquors will gain in soda content, the 
pulp lose. The successive liquors are each weaker than the preceding 
one. Finally water is used, run off, and another portion of water added 
to make the pulp into a suspension, which is sent to the beater engine if 

■* Chapter 44. 

® The steel is three -Quarters of an inch tliiclc, triple - riveted. ; welded disasters are coming into 
favor. 

« A cord contains 128 cubic feet ; it is a pile 8 feet long, 4 feet wide and 4 feet thick pnd 
weighs from 2500 to 3300 pounds. 

Jacketed digesters are also used ; the heating is then indirect. 
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it is to be used at the same plant. If it is to be shipped, it is made into 
sheets. 

Recovery of the Soda. The soda is recovered as an economic meas- 
ure mainly, but partly because the disposal of so much alkaline liquor 
might be prohibited by municipalities or states. The wash liquors arc 
saved, concentrated, evaporated to dryness, and the ash leached for 
the soda content; it becomes carbonated in the process, and must be 
eausticized with lime before it is used again. 

This recovery of soda is less expensive than might be thought, be- 
cause the brown liquor contains organic matter wdiich on burning fur- 
nislies a part of the heat needed. The liquor from the blow pit or wash 
tanks is concentrated to 40"^ Be. in a multiple-effect evaporator; at this 
strength, it is run into the stack end of a rotary furnace, swept by the 



book paper. 

fiaincs from a stationary coal fire. The liquor burns, or more correctly, 
the organic matter in the liquor burns, carrying off the water and leav- 
ing an ash which is black, hence the name "^black ash.^^ The black ash 
contains the soda; it is discharged from the furnace continuously through 
an opening just in front of the fire, and is leached by water, again on tlie 
countercurrent principle. The solution is brought to the proper strength 
by the addition of fresh soda ash, and then eausticized. 

If there were no loss, the same amount of soda could be made to 
digest an infinite quantity of chips; losses occur, however, due to imper- 
fect washing of the pulp and incomplete leaching of the ash ; and it is 
at this stage that the loss is made up. The recovery is 85 per cent, some- 
times better. To try to recover the last 10 per cent would be more 
expensive than the purchase of new soda ash. The causticizing is done 
by means of lime (Chapter 5) . 

Sulfite Pulp. Spruce is the wood used chiefly for sulfite pulp. The 
cellulose fibers are freed from the non-cellulose portion of the wood by 
digesting the chipped wood with a calcium bisulfite solution containing 
an excess of sulfur dioxide. A typical sulfite liquor contains 1 per cent 
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sulfur dioxide^ CH^nil)hiod with liiue and 5 pvv ct'nl free sidfur dioxide 
The solution is made in two towers, 70 feet hiiL»;h, of reinforced concrete 
lineal with acid-rc'sist i ne; tile; the internal diameter is 5 feet. The towers 
are fillcal with liinc'stont'. Wader is fed in ad., the t.op cd' the second tower 
(second with respc(*.t to the 52 ;as) ; wcaik li([U()r is c*olU'cted at the base 
and fed to tlio top of the first tower. It ])ass('s <lo\vn the first tower 
wliilc' the stronp; o-as from the 1>urnors enters at tlu^ l)a,sc^; there is col- 
lected at the base the streme; aci<l I'eady for the die;esters. ^Fhe p;as from 
the top of the first tower is fed to the sceoml lowcu', wherc^ all of the 
remaining' sidfur jj;as is dissolved; some air, tlu^ niti*o.e;on, and carbon 
dioxide pass out. (das as hi^a;h as possible in sidfur dioxide', is t^repared 
l)y burning' sulfur in flat iron pans air-cooled from bc'low, or in patent 
burners (Cdiaptcr 1). The avera^'e strcnp;th is 15 pcT c(‘nt. ''Flic gas is 
cooled, and forced by a lead fan int(^ the towc'rs. '^Flie reaedions are: 

2S( -} 21I J ) -= 2I-r:;S( ; 

2ITSO:, H CnCXb 4 C:ilU(SO;;):. 4 xS( I Cd .n 1 n,(). 



FnaiRK 127. — I)ip;csl('r for 
sulfite pulp. 


Another system changes milk of lime t(.) ii cleiir soliddon of bisulfite 
of calcium by treating it witli sulfur dioxide gas, in tanks run in series, 
on tJic countcrciirront ];)rinciplc. Instead of burning sulfur, liquefied 
sulfur dioxide sl.Tiii)i)cd to the paper plant in car tanks is substituted; 
there arc advantages to having the 100 per cent gas at disposal. 

The wood is cliii)pcd as for the soda pidp, fed to the digesters, the 
sulfite licpior run in, and the cooking process started. Tlie digesters are 
steel vessels similar to the digester for soda i:)ulp, but larger; a digester 
15 feet in diameter and 50 feet high receives a charge of 28 cords of 
chipped spruce; the yield is 1062 pounds of pulp per cord, or 15 tons per 
digester. The cooking period varies with the quality desired; an average 
one lasts 10-^ hours; the blow-off is from the bottom, and the blowpit 
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similar to the one for soda pulp. The jmlp is washed, screened, and 
either made into sheets for shipment or sent to the beater engines. 

The sulfite digesters {see Fig. 127) differ from the soda digesters in 
two particulars: they are lined with hard bricks set in a cement made 
from litharge, sand, and glycerin; and they develop gas, which must be 
relieved at certain intervals. The gas is sulfur dioxide, 100 per cent, 
and is liberated from the calcium compound throiigli the formation of 
organic salts with the ligneous matter in the wood. The gas is led to 
towers where it strengthens the sulfite acid from the limestone towers, 
which is thus made richer, and at the same time provides a way to save 
the gas. It is this strengthemed liquor which has 6 pei- cent total sidfiii* 
dioxide. The cooking is done under a pressure of 100 pounds; the }>r€^s- 
surci is not allowed to leacli above that. 

Time offers among other advantages this one, that any sulfuric acid 
wliich might be ]>resent is removed in the form of the nearly insoluble cal- 
cium sulfate. This is imi>ortant, for sulfuric acid weakens tlie fiber. The 
sinall amount of sulfuric acid which is formed in the burners and coolers is 
thus rendered harmless. 

The steam is led directly into the liquor, as in the soda ]n’ocess. 

Another ])rocess for making pulp is tiie JMitscherlieh process, in which 
the steam is api^lied indirectly, by means of coils, or jackets. 

Bleaching the Chemical Pulps. The gray iiroducts from the digesters, 
wliether soda or sulfite, is bleached by meains of calcium hy potdiloritt\ 
Ca(OCl) 2 . This, was at one time bought as bleaching powder; now it is 
] prepared at the mill itself. Tiquid chlorine shi])ped in steel ear tanks 
or in cylinders may be run dire‘ctly into milk of lime, or it may be gasified 
first and the gas then jjassed into milk of linae, using tanks or towers. 
Instead of ].)urchasing chlorine, many ])aper mills decoin} )ose siilt them- 
selves in electrolytic cells, for both })rodiicts, chlorine and caustic, are 
indis}.)cmsable chemicals in the ciiemical ]:)ul]) i)lant. In such cases, sodium 
hypochlorite is made, instead of the calcium compound. 

The pulp from the digester in the form of a thick cream is treated 
with the bleach liquor and circulated for two hours in a concrete tank 
having several interconnected coiiij^artments ; the circulation is i^rovided 
by a rotary pump. The bleached pulp is carefully washed free from 
chemicals in compartment tanks. 

The production of pulps were as follows: 

^ 1 935 "^ 

dollars 

Tons per ton 

Mechanical pulp 1,355.819 18.50 

Sulfite pulp 1,594,748 44.80 

Soda, semi-chemical pulp..,. 489,238 37.20 

Sulfate pulp 1,467,749 24.50 

Bureau of the Census, 

The Beater Engines. The white pulp from the bleacher tanks reaches 
the beaters next, where it is freed from lumps, and where the sizing mate- 
rial, the clay, and later the aluminum sulfate solution are added and the 
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w]h) 1(' made lioino^oneoiis. ''Fho boaters arc ol' many forins ; the type 
s}u>\vii for iie\vs|.u;int 3 24) embodies tlic essential priiicij:>les ; in 

size they may be 28 feet 12 feet wide^ and 4 feet liip;h. l^or papers 

in wliicli only chemical pnlp enters, snch as book papers, the i:)eriod of 
beating lasts several hours; the sizing is added at the start, the clay next 
then a coloring matter if one is to be used, and near the end of the beating 
period, the solution of aluminum sulfate. 

The beater or Hollander is (a) a mixing bowl, in which tlie suspended 
fibers and the several additiems are intimately mixed, except for the 
one added last, the 'hxlum’’, which precipitates an aluminum soap on the 
fiber, closing its capillaries which otherwise would absorb water too 
readily in the finished paper; (b) a beating device, in which the fiber 
is frayed, and a gelatinous material formed which on drying and i^ress- 
ing cements the fibers together into a strong sheet of paper. ''The felting 
of the fibers into a sheet of paper is brought about by the cohesion of 
the colloidal aggregates.’’ ^ Clots arc separated into their constituent 
fibers. Finally, (c), in the interest of strength in the finished paper, 
there should be no cutting of the fibers in the beaters ; a certain amount 
of cutting is unavoidable, but so slight as to be negligible. When de- 
sired, the beater may be made to function so as to cut the fibers; to this 
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end, the wheel filling is brought closer to the bod plate, and the filling 
(knives) is changed from a broad-faced one to a slender-faced one. 

Provision is made for running off the "beaten stuff,’’ which is fed to 
the conical refiner. 

The Conical Refiner. The conical refiner, often called the Jordan,^ 
follows the beater engine; its action is to sep)arate and cut the fibers, 
but it can select the fibers which need cutting, the clusters which still per- 
sist, and work on them, letting the properly reduced portion pass through 
without expenditure of power. 

The refiner consists of a stationary outer cone bearing knives pro- 
jecting inward, and a rotating inner cone bearing knives projecting out- 
ward, so that the edges of the two series of knives meet. {See Fig. 128.) 
The knives are held in place by wooden strips which are depressed, form- 
ing channels. The suspended pulp enters at the narrow end. It travels in 
the channels of the rotor ; centrifugal force sends the coarse particles into 
the upper channels, but leaves the fine material unaffected. The coarse 

® 69, ''Production and treatment of cellulose in tlie paper industry/' James Straclian, Trans, 

Ilf at. CJhem, JSiig. (.L/ondon'} ^ 7, <1929). 

o Invented by Joseph Jordan, of Paterson, IST. J,, 1862. 
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i:)articles fall back on the knives after they travel a little further, for the 
casing widens, so that only a greater centrifugal energy would keep the 
coarse stuff in place. The knives reduce the clusters, which then travel 
further; if incompletely separated or cut they are again thrown into the 
channels of the outer casing, and again fall on the knives. In the lower 
half of the refiner such interplay is not possible, and there no work is done; 
as a result only the upper part of the casing wears. 

From the refiner, the suspension is pumped to a chest at the top of 
the paper-making machine, diluted with water drained from previous 
portions to a very thin suspension having the appearance of skimmed milk, 
and passed through a rotary, shaking screen, and, for very clean stock, 
through the centrifiner. 

The Bird Centrifiner. Besides removal of foreign matter by screens, 
the stock may be cleaned by centrifugal force, in the Bird centrifiner,^^ 
which removes both light and heavy impurities. In Figure 129 the passage 


Fk.'ckk 129. — The Bird centri- 
fincr. A, raw stock inlet; 
15, matte with dirt retained 
by annular baffles E ; li^^lit 
dirt caught by a n ii u 1 a r 
skiinmor C ; T), cleaned 

slock, with outlet to paper 
niakin*^ machine ; waste 

pipe for washin«:s. 



of the stock through the centrifiner is indicated. The stock is forced 
against the wall of the rotating machine, the heavy particles remaining 
under the baffles E, while the dirt lighter than the fibers is held by the 
skimmer, C, The cleaned stock collects in JD and flows thence to the 
paper-making machines. 

It is recommended that the centrifiner be placed after the conical 
refiner, and ahead of the final screen at the head of the paper-making 
machine. Each device fulfills a definite distinct function, and in the 
prosier sequence. 


lo The Bird IMachine Co., South Walpole. Massachusetts. 
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The (‘.on tri finer is still ti now <levice. II:, is (lesi<2;iic<i for use in all 
gra<les of pa]>C'r; in the size made a.li present (Tor 7()()() .aiillons per hour) 
it is ]>a.i‘ti(*ularly adapted to smaller inac'hines inakine; hio-h-.o;vade ra£y 
ini]>ei* and tissue uiacdiines. 

The Fourdriiiier Engine. The <n-iginal i^iiper-makinp; machine devel- 
oped l)y tlie k<md(m lirni of stationc'rs, IMessrs. h\)urdri niei*, assisted 
by I\lr. Bryan Oonkin, in 1803, has been niodific'd only slightly in prin- 
ciple, allhongli vtu*y nnu'h in size and complexity, ddu' origina,! inventor 
the Frenchma,n kouis Robert (1798), used an caidic'ss pc'rforat.ed metal 
sci-een to make a <*()ntinuo\is sliced. oT iiaper instcaid ot the separate 
smaller iiieces laboriously made by the older hand [)roc('ss. ^Phis funda- 
mental idea was the one the Four( Irinier firm <k'V(dop<al. 

In the modern machine it is well to distinguish bid wc^cm Ihc' wed. end, 
where tlic ‘'wire” is located, and the dry end, wherc^ iiic' didc'd sheet of 
paper is colletdcal. Bc'ginning at the wtd. end, thc^ nuicdiiiK* consists 
essentially of an c'ndlcss woven wire which rc‘c(d\a's thc^ thinned sus- 
]iension of ^mlp, cauudi rolls whicdi press out tlie watiu', i’edting which 



.FiCiiTRK 130. — A s,iin])lific?d .Four<Iriiiior mucliinn showing llu^ principnl purls: 1, tho 
wire sc*reoii ; 2, dockln sl.rai^s; 3, coiicli i*oll ; 4, suction hoxt's ; 5, wc't shoot, of 
l')npc‘r’; endh'ss felt. whicLi siii)portuS the paper not. shown; 0, tlrying cylindorrf; 
7. calender. 

carries the wot sheet while it is weak, <lrving (^vlindca-s wliicdi remove the 
remaining moisture, and a c*aleudering machine whi<*h gives by pressing 
a smooth suid'ace to the ])aper. A simplified machine having only the 
essentials is shown in Figui-c 130. 

The Endless Wire. The wovaui wire receives the tliiii siis|)cnsion 
of puli^ at one end, carries it forward while water is drained off, and 
delivers at the far end a slieet of wet paixu*. A jerky sidenvise motion 
is given the "wirev” in order to cause the libers to become meshed into 
each other. Tliey he mainly in one direction, that of tlie travel of the 
sheet; without the sidewise vibration, paper would lia.ve no strength at 
all in the lengthwise direction; the weaving gives it a moderate resist- 
anc?o. The strength of tho |)aper in the direction crosswise to the line 
of travel is considerable, because the tear must pass through the fibers 
lying across its path. 

The rate of travel of the endless ''wire” determines the rate at which 
the paper sheet is made; a high speed for book pai:)er is 365 feet per 
minute ; that is, every i")oint on the sheet travels forward at that rate. 
The speed varies a'ti cording to the weight of the pajier. The width of 
the “wire^^ varies also; a wide one for book paper would be 164 inches 
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for the wire, giving a finished sheet 148 inches wide. The wire screen 
is woven bronze, with perhaps 40 cross wires to the inch and 80 length- 
wise wires to the inch. It runs on numerous small rolls, which carry 
off much water; suction boxes are placed under the screen at the farther 
end, to remove still further quantities of water. Wire and cloth both 
pass through two rolls, the couch rolls, which press out so much more 
of the remaining water that the sheet is now merely wet paper. An 
endless felt is run under the sheet at the exit from the couch rolls and 
such felts, made up in various sections, carry the paper over the drying 
cylinders. "With a 60-foot wire,^^ the suspended fibers are made into a 
wet sheet of i^aper in 10 seconds. 

The siTspension is prevented from running off the screen b\^ the 
deckle, which consists of an endless rubber belt for each side; the belts 
run at the same speed as the screen, so that at all times two edges are 
provided in which the susi:)ension is caught. 

The Drying Cylinders. The wet sheet of paper supported l^y the 
felting x^asses over a great number of warm and hot cylinders whicli 
evaporate the water. The cylinders are usually fcnir feet in diameter, 
and as wide as the screen; they are heated by steam, introduced through 
the trunnions, since these cylinders rotate. Only one cylinder pulls the 
sheet, the others arc really idlei’s, rotated, however, by a drive, so that 
their speed is exactly the same as that of the paj^er. The evlinders 
near the dry end revolve sornewdiat more slowly than the others, because 
as the paper dries, it shrinks; the same speed as near the wet end would 
cause it to tear. 

The Calender. The dried sheet is passed over six rolls inounted 
vertically; three rolls are sniootli iron, and heated internally by steam; 
three are coveied with felt in order to grip the ])a}ier. All travel at 
tlie same s]:>eed. The weight of the rolls presses the warmed jiai^er and 
reduces its thicknesses by 40 per cent; the interstices between the fibers 
are thus decreased; the surface becomes smooth, so that a pen no longer 
catches in the fibers. Without the process of calendering, the sheet wouldw 
be blotting paper. 

Cylinder Machines. A considerable amount of paiicr is made on 
cylinder machines. Two or more cylinders, 36 inches by 42 inches long, 
turn in the susi:>ension of fibers which has passed the conical refiner and 
rotary screen; the fibers coat the outside of the wire, while the bulk of 
the water flows inward and is pumped off fast enough to establish a 
lower level inside the cylinder. At the toji of the cylinder, a felt joicks 
up the layer of fibers, and carries it through squeegee rolls, and further 
to the driers. Such machines are used for tissue pajier, for manila 
envelopes, and thin boards. For a five-ply board, five cylinders are 
used, each one dipping in the fiber suspension; the sheet from one cylin- 
der feeds onto the sheet from the second, and so on, the five sheets 
becoming one. 

Total length 120 feet ; 

point- 


feet traveling forward, 60 feet returning underneath to the starting 
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Booic Papers, Coated Papers, Board Products, Kraet Paper 

The two chemical pulps are mixed for bcxok paper, usually one-third 
sulfite pul}.^ (spruce) to two-thirds soda pulp (poplar). It is apparent 
that there must be a difference in the pulps, since the mixing is always 
done. The fibers in sulfite pulp arc longer, tougher, and stronger than 
those in soda pulp; the latter give fineness of surface and a velvety feel. 
Envelopes and writing tablets contain rather more sulfite pulp than the 
proportion given above; the result is a harder paper, but stronger. In 
price, the difference is small; bleached sulfite pul]:> is around forty-five 
dollars a ton, bleached soda pulp thirty-seven dollars, with rather wide 
fluctuations. 

One form of book is bulky, and light; it is called 

featherweight, and is nearly pure wood cellulose. It permits making a 
book with maximum bulk, with minimum printing expense. 

Enameled or coated papers receive a special treatment after the usual 
calendering. English china clay, blanc fixe (barium sulfate) , satin white 
(aluminate of lime), or Paris white (carbonate of lime) are suspended 
in a casein solution and applied in a special coating macdiine; the re- 
sulting surface is truly porcelain-like, and well named enamel. Sucli 
paper is used for fine half-tone printing and high-grade books. 

Paper box products are made from W'aste pai:>er wdthout sorting it; 
a small amount of sulfite pulp is added; cylinder machines are used. 

Kraft papers are made by the sulfate process, with insufficient diges- 
tion, so that much ligneous matter remains; at the same time longer 
fibers persist, resulting in a paper which is brown in color, but strong, 
and well adapted for making wrapping paper and bags. In the sulfate 
access, the chipped wood is digested with a solution of salt cake, or 
ium sulfate, which, ho\vevcr, has previously been reduced by means 
saw’dust so that it contains not only sodium sulfate, 3 SraoS 04 , but also 
odium sulfide, iSTasS, sodium hydroxide, NaOI-I, and sodium carbonate, 
KaoCOs- The digestion proceeds in unlined steel vessels as in the soda 
process, but lasts only 31 hours. The pulp passes through beater and 
conical refiner as white paper docs, and is made into a sheet on a 
Fourdrinier. 

Paper has been made from straw in the United States for many years, 
and on the large scale. Since 1903, the inner sheet of corrugated paper, 
which carries the actual corrugations between the flat top and bottom 
liners, has consisted of unbleached straw paper; its color is a characteristic 
green-brown. Pulp from straw is made in Ohio, Michigan, and several 
other states. The process was originally the soda pulp procedure; it has 
become more specialized. Of late, wheat-straw bleached pulp has been 
made the Pomilio system by ^^gas chlorination.” The process consists 
of (a), a leaching wdth warm 1 per cent caustic soda; the solids are 
pressed out of the suspension, the press cake torn to shreds, and (b), 
chlorinated by means of chlorine gas. Next the material is washed with 

"Pomilio cellulose process by jras cblorination/' TJrriberto Pomilio, Irtd. Eng. Ch&m.t JVeiea Ed.. 
15. 73 C1937); and Ind. Eng. Chew., 24, 1006 C1932). 
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water, and is then (c) , agitated in Hollander-like vessels with cold dilute 
caustic, which dissolves the chlorinated non-cellulose portions. After 
washing again, the pulp is fed (d), to bleaching Hollanders, with the 
necessary calcium hypochlorite. The bleached pulp is stored until required 
by the paper mill. 

To produce there are required;'^'* 

2000 lbs. air-dry wheat-straw pulp 4200 lbs. wheat straw 

1150 lbs. common salt 
800 kw-hr. for electrolysis 
200 kw-hr. for motors 

** Ind . Bng . Chcrn ., News Ed ., 13. 436 (1935). 


Table 35. — Ui^ited States ProductiorL of Paper and Paper Board for 1035 ^ in Pons 

(Bureau of the Census). 


DN" e wsprint 1 ,22 1 ,871 

Book paper 1,281,870 

Writing paper, fine 514,486 

Kraft paper for bags ..... 394,576 

Kraft wrapping paper 590,208 

Other w'rapping paper 647,270 

Greaseproof 12,404 

Glassine 37,346 


Cardboard 


Tissue paper 

Absorbent paper 

Building paper 

Boards 

Kraft liners 

Jute liners 

Straw liners for corru- 
gated boards 

103,053 


473.314 

95,179 

463,143 

4.722,890 

710,323 

801,086 

346,415 


Other Pate:xts 

XJ. S. Patent 1,837,309, production of sulfite pulp and recovery of the acid 
employed; 1,872,996, process of making pulp, subjecting the treated material to a 
steam pressure of over 250 pounds/sq. in. and discharging at that pressure so that 
the material is exploded and thoroughly distintegrated ; 2.031.974, recovery of 

chemicals from waste pulping; 2,069,185, manufacture of vanillin from wnste sulfite 
pulp iiquor. 

Proble^ts 

1. A soda pulp digester has a capacity of 820 cubic feet. It contains at the end 
of the cook 220 cubic feet of cellulose fibers. In the remaining space, a volume 
equivalent to 500 cubic feet of cold 5 per cent caustic soda, with specific grav'ity 
of 1,05, is introduced. What w^as the weight of the cold caustic liquor, how much 
caustic soda in pounds did it contain, and what was the volume of the 5 per cent 
caustic soda solution in gallons? 

2- A sulfite pulp digester has a capacity of 3000 cubic feet ; it contains a 6 per 
cent calcium bisulfite solution to the extent of two-thirds of its volume, measured 
cold. Let the specific gravity of the solution be 1.07. How much calcium bisulfite 
is represented, how much sulfur dioxide, and how many pounds of sulfur would be 
required for the production of one-half this quantity of sulfur dioxide? 

3. A wood contains 50 per cent cellulose. It is desired to produce 56 tons of a 
certain paper per day, frorn chemical pulp. How many cords of wood will be 
required, using the values given in the text? The yield of paper on the basis of 
cellulose in the wood is 90 per cent. 


Keadhstg References 

'The chemistry of pulp and paper making,” Edwin Sutermeister, Kew York, 
John Wiley and Sons, Inc., 1929, 2d. ed. 

"Modern pulp and paper making,” G. S. Witham, Sr., Hew York, Chemical 
Catalog Co., Inc., 1920. 

"Paper making and its machinery,” T. W. Chalmers, London, Arnold Constable, 
Ltd.. 1920. 
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The 'main natural filamcyits zised for articles of clothing arc three- 
icool and silk, of animal origin, and cotton, of vegetable origin To these 
the chemical industry has added a fourth, called cirtifideil silk or rayon 
which riuals in beauty the natural silk. Besides rayon .yroper mainly 
■viscose rayon, there is nozv cellulose acetate, softer, and stronger when 
wet. 


Chapter 22 

Cellulose from Wood and Cotton — Artificial Silk 

Artificial silk is made chiefly from cellulose from wood and cotton 1)\' 
recasting it in thin threads, which possess the softness and the sheen of 
real silk. Unlike most other industries which grew out of triaU and 
l^ractices unconnected with scientific reasoning, this new filament- a 
gift on the part of modern inventive genius following scientific and 

employing chemicals and reactions with the freedom of the chemical 
expert. This new material has found considerable use in the manufac-- 
ture of underwear, stockings, fabrics, carpets, scarfs, and similar article- 
When wet, rayon loses 70 per cent or so of its J^trength, wh.ile real sdk 
hardly loses at all in strength. By weaving artificial silk with worni 
silk, a material results which is almost as strong as the onc^ made from 
worm silk alone, but considerably cheaper and therefore able to com- 
mand a wider market. The market for worm silk itself has reflected 
this new use as shown by the figures below: 


Tablk 36, — Raw I mjx^rtations Inin tin Vuittd 


1024 

.Pounds 

46.171.863 

1930 

P.Minds 

1925 

59,137,648 

1931 

- - • c>2.UUr).lo4 

1926 

64,290.934 

1932 

- • • Ib.lUl 

1927 

73,402,000 

1933 

- - - 74,052.521 

1928 

88 .269 .768 

1934 


1929 

98-016,151 

1935 . 

- • - oo.drfy.322 

67,674.918 


* Bureau of IToreiKii and Domestic Commerce. 
Xote; Xo worm silk is raised in tlie United States, 


Thc artificial silk industry may, therefore, be regarded as sui>t:)lement- 
ing the worm silk production, rather than rivaling it. Weaving "artificial 
silk with wool and with cotton has resulted in new fabrics of great merit 
and popularity. 

The new filament is now called by a name of its own, namelv ravon 
in order to emphasize its characteristic nature, a synthetic product which 
can make its way without pretending to be a form of silk. The name 
has been adopted in the United States, and to some extent in Europe • it 
will be used in the present discussion. While rayon proper is cellulose 
regenerated, cellulose acetate is an ester of cellulose, and should be in^a 
group by itself ; it is frequently included in the tabulations for "Tayon ” 
nevertheless. 
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The reason for the increased use of rayon is its comparatively low 
price. The 150-dcnier thread, 60 filaments, a standard size much in 
demand, on March 31st, 1937, was 65 cents a pound. In 1931, raw silk 
imported averaged $2.29 a pound; it has dropped still further since, ($1.20 
in 1933), but has risen again; in early 1937, the quotations lay between 
$2.05 and $2.27 a pound. Rayon is between one-third and one-fourth the 
price of worm silk. Acetate silk was considerably higher than viscose, 
some time ago, but by 1936, its quotations were not greatly different from 
those for viscose rayon. 

Tab'Le 37- — Prices (U. S.) for JSpun Rayon hy IDcnicrs Jar 1035/^" 


Per pound 

Finer than 100 deniers 84.8 cont.a 

100-124 doniers 71.3 

125-150 deniers 52.3 

Heavier than 150 donierts 4S.0 


*■ Bureau of tlio Census. 

The size of the thread is designated by the number of deniers.^ The 
standard generally used is the Italian denier, which is the weiglit in 
grams of 9000 meters of thread. Thus a yarn is said to be 150 deniers, 



Figure 131. — Micrographs of a cross-scctional slice of the rayon thread, showing 
the several filaments, for a clear viscose [left], and for a dclustered one 
[right] . Courtesy of the Hcisearch Laboratory, Technical Division, Hayon 
Department, E. 1. du Pont de ISTeinours and Company, Huffalo. 

if 9000 meters of it weigh 150 grams. The smaller deniers are finer 
threads; the larger deniers are coarser. Threads as low as 40 deniers are 
made, and are rather dearer than the medium sizes (150 deniers) ; while 
threads as high as 450 deniers are also made, and are rather coarse. 
In any case, the thread whose denier is under discussion is itself made up 
of a number of filaments. 


^ The smallest piece of medieval French money was called a denier. 




CELLULOSE FROM WOOL AND COTTON — ARTIFICIAL SILK 365 


The rayon industry is a brilliant example also of how inventive 
f^enius may transform a cheap material into a valuable one. Wood pulp 
from which rayon is made is worth less than 2-J cents a pound; while after 
it is spun into threads, it brings 65 cents a jDound. It must be added at 
once that many operations with careful sui^ervision are necessary, and 
that only a large plant can hope to operate at a profit. 

Tor the year 1935, the U. S. production of all types of artificial silks 
was 285 million pounds, the world production 1,265 million pounds. 

Table 38. — World Frod'uctioTt Figiircs for Rayon Including Staple, for 193GJ^ 

Millions 
of pounds 


Japan 315 

United States 285 

Italy 165 

Germany 150 

Great Britain loO 

France 70 

All others 130 

World total 1,265 


* rLayon Organon. 

Staple rayon is a new-comer; it consists of short lengths of rayon fiber 
intermingled as cotton fiber is. The United States production in 1936 
was 27 million pounds, and Japan’s, 50 million pounds. 

Method of Maxtif.^lCture 

The manufacture of artificial silk, by any process, is essentially as 
follows: A solution of cellulose is prepared, viscous enough to form a 

liquid thread ; such a liquid is forced through a small opening, and the 
liquid thread formed is made to pass through a chemical bath or a cur- 
rent of air w^hich causes the liquid thread to solidify instantaneously. 
A suitable mechanical arrangement of pulleys, drums, and bobbins pro- 
vides for the removal of the solidified, wet thread. The thread must 
then be washed, perhaps treated in a chemical way, dried, twisted, reeled 
into skeins, and in general handled as silk would be. There are needed 
then: a cellulose solution, a device for ejecting the thread, a coagulating 
or precipitating medium, another device for gathering and winding the 
thread, and auxiliary appliamces. 

The various processes are characterized by the nature of the cellulose 
solution, but they also differ in the chemical treatment of the liquid 
thread, and in the method of spinning and gathering. The four impor- 
tant processes are the nitrocellulose process, the viscose process, the 
cellulose acetate process, and the cuprammonium process. Although 
only cellulose is mentioned as suitable material, other substances have 
been tried, of which gelatin was perhaps the most promising. Up to 
the present, no material which might replace cellulose has been intro- 
duced into the industrial field. 

The nitrocellulose process is the original process for artificial silk. 




Figure 132. — Flow sheet for the viscose rayon process. 


1, sulfite pulp slieets storage 

2, caustic swelling tank 

3, shredder 

4, aging of alkali cellulosfe crumbs 

5, xantliating churn 

6, inixer for dissolving the xanthate in 

caustic 


7 , viscose aging tank 

8, spinning machine 

9, left, desulfurizing, bleaching, washing 

of cake ; riglit, centrifuging 

10, drying 

11, winding into cones through tension 
device 

12, inspection and shipment- 
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invented and patented by Chardonnet-; the first plant was the one at 
Besancon, France. It is not used in the United States, and probabl 3 ^ no 
longer anywhere else. 

The Viscose Peocess 

The viscose process is at the present time the most successful; of the 
American production, 77 iier cent (193GJ is viscose rayon, and the propor- 
tion for the world production is similar. This process has the great 
advantage of recpiiring only inexpensive materials for the production 
of rayon — sulfite wood .pulp, sodium hydroxide, carbon disulfide, acid 
sodium sulfate, sulfuric acid, and some others in smaller quantities. The 
product is not flammable. The process is based on the discovery, made 
in 1892 by two English chemists, Cross and Bevaii,'^ that mercerized 
cellulose or alkali cellulose forms a definite tlioiigii unstable compound 
with carl)on disulfide. This compound, callcrl cellulose xanthate, is a 
yellow solid; its formula may l^e written 


O (Cellnlosn) 

X 

^Cellulose) OKTa 4- CS:.> C3 

SXa 

It is soluble in dilute caustic soda, and from this solution cellulose is 
rapidly precipitated by an acid. The process will at once be clear: 
alkali cellulose is combined with carbon disulfide, the product dissolved 
in dilute caustic, producing a viscous solution, called by the discoverers 
viscose. The solution is sent to the spinning device, and the issuing 
thread coagulated by a bath of sulfuric acid. This is a list of the essen- 
tial stejis; a few details may now be added. 

The sulfite pulp used is carefully selected, and secured always from 
the same source; it is steeped in a caustic soda solution, and allowed to 
ripen. It is then shredded to crumbs and in that form is known as alkali 
cellulose. The crumbs are next agitated with carbon disulfide and the 
xanthate formed is dissolved in a caustic soda solution, jiroducing the 
viscose solution. The viscose is stored for a number of hours before 
spinning. 

Alkali Cellulose. A batch of 125 lbs. of sulfite sheets is made up by 
drawing on all the carloads in the storage room, a few sheets from each, 
to insure uniformity. It is placed in 18 per cent TSTaOH for a period of, let 
us say, 60 minutes, with the temperature regulated (jacket to steeping 
tanks) to 1S° C. (64.4° F.) . The a-cellulose (86 per cent of the pulp) 
does not dissolve; it swells; /5-and y-cellulose are dissolved and carried 
away by the caustic as it is drained off. The swollen sheets are pressed 
by a ram, and droj3ped to the water-jacketed shredder below, where the 

“ It is pleasant to know that Chardonnet was at one time a student of Easteur. Chardonnet’s 
basic patent was French Patent 165,349 (1884). [Quoted from IVIr. Avram’s book “The rayon 

industry,” Mew York, ID. Van Nostrand Co., 19273. 

3 Chapter 21. 

^ The first patent for this process was Hrit. Patent 8,700 (1892). 
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alkali celkilose is reduced to soft crumbs. The crumbs pass to the floor 
below, to be stored in narrow steel containers for a period of 2 days or so 
with the i-oom temperature eontrolcd by conditioned air. This constitutes 
an aging period. 

Xanthate. The equivalent of a shredder is charged into a water 
jacketed churn to which, after a few minutes of mixing, carbon bisulfide 
IS added; the churn rotates for 2 hours, at the rate of 2 R.P.M." The 



Figure 133.— The alkali cellulose shredder in a rayon plant. (Courtesy of 
. clu Jroiit cle INemours and. Company, Rayon Department.) 


orange cellulose xanthate is formed; it has the appearance of wet saw- 
dust. The excess carhon bisulfide vapor is drawn off through a horn, and 
the xanthate discharged into a mixer below, and sodium hydroxide (caustic 
soda) solution added, and by means of a stirrer and a circulating pump, 
the xanthate dissolved (2 to 4 hours) . The mixer in turn is discharged into 
e blender, 4 mixers to the blender, 2 churns to the mixer, 1 shredder 
to each churn, and two press tanks to the shredder; hence, the blender 
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represents 2,000 lbs. of original cellulose. The solution now contains 
7 per cent cellulose and 6 per cent caustic; it is thick and viscous, hence 
tlie name viscose is appropriate. All water used is distilled water. The 



Figure 134. — The tanks in which the viscose is stored, aged, filtered, and liber- 
ated from bubbles by applying a vacuum. (Courtesy of E. I. du Pont 
and Company, Payon Department.) 

caustic from the steeping presses is sold to a soap maker, if possible; if not, 
its caustic values are salvaged by osmosis cells, while the dissolved 
cellulose is discarded. 

The Viscose Solution. The viscose is a clear viscose and is suitable for 
lustrous viscose products. For the dull or semi-dull viscose, there is added 


370 


lA^DU.STRJAL ClfPJMIJ^TH Y 


at this stage a eolloidal suspension of titanium dioxide whose particles 
are 5/^ or less in diameter; the viscose so treated is cloudy; when spun 
the fibers arc without lustre. The viscose now passes into the spinning 
department, entering a system of tanks in which it may be held for agings 
1 or several days; it is filtered from any material exceeding 5//, and by 
means of an applied vacuum, the bubbles which it has cc^llccted are pulled 
to the toj) and destroyed. The tcmi^craturc while aging is 19^ C. (66,2° 
F.) ; the longer the viscose ages, and tlic higlicr the temperature, the 
more readily docs it flocculate, tlic lower the salt index. The viscosity- 
time curve has a sharp break, and the aim is to spin the viscose close 
to the break, but before it is reached. The process while aging is a 
hydrolysis of the xanthate, forming liydroxy cellulose, which loads to the 
formation of di, and then triccllulosc xanthate, and with the cellulose units 
h^nlratcd, while a corresponding amount of carbon bisulfide and caustic 
are liberated. 

cnCoi:roC)4 <). c.sn-,*70,2(CJJi)o 

3C=-b -[- 2 H 2 O 5.- = S -h2C3So-f-2NiL(>II 

WNa SNa 

ori^jjinal xanthaf.cv’" xaiitlia(<c 

■*' lu l,ho , ngorl cc.llvilnse xaiilhrvt.c, (ho <*cll\ilosc molcoAilos fonn :l o,onii>lox. Vlu’ nnrnhor of 
CVHioO;-, gi'OiiiTiiipjs in llio xanl.hH.l.o is shown as one rrioroly for siini'l ifity ; tiu’. nninher is Inrscr, 
blit its exact value has not yot been settlocl. 

Salt Index. To test the ripening of the viscose, one drop is placed 
into a salt solution, and its coagulation o]>scrvcd. The salt solution is 
made up by running in 3.2, 4.2, 6 cc., or more, of a strong stock solution 
into enough water to make the whole 40 cc., in an Erlcnmeycr flask, 
which is then shaken one-half minute. The proper action is the division 
of the drop into 3 flocks. The less ripe solution requires more salt for 
the coagulation. The ripening is right when the “salt index” is 3.2 to 
4.2. A variation in ripeness means variations in a number of physical 
proj)crtics, such as tensile sti’cngtli and dye acccptan(*e. For a short 
time, the properly aged solution may be preserved uncliangod in the right 
state for spinning at C, (32" F.). 

The Spinning Machine. There arc two types of si^inning machines 
for viscose, the bobbin machine, and the more favored bucket machine. 
The latter ha;S a rotating bucket, essentially a small centrifugal, in which 
the thread accumulates; at the same time the bucket speed produces a 
twist in tlic slower traveling thread, thus eliminating one complete textile 
operation, that of twisting. Bucket spinning is also called pot spinning. 
The bobbin .macliinc, on the other hand, docs not twist the thread. As 
a rule, 50 spinnerets are mounted in a row, on one side of the aisle, and 
w’^ith another bank of 50 on the other side; the row is about 50 feet long. 
There are a great number of such aisles in the plant. Each spinning unit 
has a small pump, either piston or gear (preferred) , a small filter, the 
candle filter, the spinneret proper, also called the jet, a coagulating bath, 
either in one long trough for the row or in separate bowls, and the gather- 
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ing device consisting of the feed wheel, the guide and the bucket (or, in 
the case of the bobbin machine, a wheel for winding the newly made 
thread) . The small filter is the size of a candle, and contains a calicot 
stocking through which the solution must travel; it is surmounted by a 
curved tube dipping into the coagulating bath and carrying at its extremity 
the spinnere^t. Tlie latter is a flat cup the size of a small thimble; it was 


Figure 13o- — A bank 
of tho l^uckct spin- 
ning machine for 
rayon, with the 
deck removed to 
show the working 
parts. Tog inning at 
the left b e 1 o w, 
switch for motor, 
piirnp, eandJo filter 
(at an angle), mo- 
tor driving the 
bucket, buckc‘t with 
cover and cover 
clip, and near the 
top, fe€‘d w h e o I . 
(Photo, IDr. Paul 
Wolff.) 



made originally of platinum, and platinum alloys, but now base metal, 
acid-resisting spinnerets are coming into use more and more. It has a 
number of symmetrically spaced openings, varying in size, for example, 
0.08 mm. in diameter. The number of openings may be 10, 40, 150, or 
other total, for each spinneret. Each opening forms a filament, which 
coagulates separately, and all the filaments from one spinneret form a 
thread. As may be imagined, a very small speck of dirt will suffice to 
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block an opening and break the thread, hence the t^upplonientary filtration 
in the candle filter. 

Coagulating Bath. As the filaments are ejected from the spinneret, 
they enter a bath held at 45^ C. (113° F.), containing 9 to 11 per cent 
snlfuric acid, and 20 per cent sodium sulfate. An addition of glucose or 
other similar substance is made, in order to prevent crystallization, and 
another one of zinc sulfate (or certain other salts) to x>i‘omote the crenella- 
tion of the fiber. The cellulose is at once precipitated and the bundle of 
filaments passes under a glass bar, to the “feed wheel,” through a glass 



guide, funnel shaped, to the bucket made of aluininiiin, Bakelitc or Haveg. 
The action of the acid on the alkali of the viscose x)roduccs sodium sulfate 
which remains in the bath. By circulating to a correcting tank, the com- 
position of the bath may be kept constant. There must be provided for a 
removal by crystallization of the accumulating sodium sulfate. Not the 
precipitation only, but also a dehydration, takes place in the acid bath. 
During the coagulation, part of the sulfur passes out as hydrogen sulfide 
and is removed by air suction; 


3CS:. + 6NaOH == Na^CS:* Na^COc -I- SIrL.O, and 
NaoCSa ~h 3H^O == Na^^CO:. -h 3H.S 

another part remains as elemental sulfur on the fiber. There is tension 
on the thread from its inception, and that makes for a stronger thread. 

The pressure on the viscose at the spinneret is about 25 pounds. 
The volume ej ected from one spinneret is perhaps 10 cubic centimeters per 
minute. The thread is formed at the rate of 2,500 inches per minute; the 
bucket rotates at the rate of 7500 R.P.lVl. ; there are three twists per inch 
of thread. The time the thread spends in the acid bath is one half-second. 

Washing and Drying. The wet cake is removed every 4 hours; it 
measures 5 inches in height and as much in diameter and weighs one 
pound. To start a new cake, the thread is passed through the stem of 
the guide with the aid of a little water, a deft operation. The cake is 
washed with, sodium carbonate solution, while hung on white rubber- 
covered aluminum rods, bleached with chlorine water, perhaps oiled by 



Table 4.Q. —Classification in 7 Classes of Petroleum Crudes, According to their “Base,'' jrom the Dkiillaiion-Analysis of 800 
Samples of Crude from All Over the World [R. I. 3279, U. S. Bureau of Mines, E. C. Lane and E. L. Gorton (1935); condenscd^. 



A 

Paraffin 

Intermediate 

D 

Intermediate 

Xaphthone 

G 


Paraffin base 

iinerniediate 

Paraffin 

Intermediate 

Naphthene 

intermediate 

Xaphthene 


oil 

ba.'^e oil 

base oil 

base oil 

base oil 

base oil 

base oil 


(wax-bearing) 

(wax -bearing) 

(wax-bearing) 

(v.ax-bcaiing) 

(wax-bearing) 

(wax -bearing) 

(wax free) 

A.P.I. gravity 

49.7° 

39.2' 

29.5' 

39.6' 

15.3' 

29.5' 

24.0° 

Specific gravity 

.781 

.829 

.879 

.827 

.904 

.879 

.910 

Pour point 


below 5° F. 

40° F. 

bc'low 5' F. 

40° F. 

below 5° F. 

below 5° F. 

Per cent sulfur 

0.1 

0.28 

0.32 

0.33 

3.84 

0.16 

0.14 

Saj’bolt Universal viscosity 100 

° F. . . . 34 seconds 

41 

120 

39 

4000 

47 

55 

Coloi^ 


greenish -black 

greenish -black 

green 

Inownish-black 

greenish -black 

green 

Distillation 1st drop 

03' F. (34= C.) 

91' F. (33' C.) 

176' F. (SO' C.) 

S4' F. (29= C.) 

280' F. (138' C.) 

138' F. (50= C.) 

315° F. (157° C. 

Gasoline and naphtha 

4.5.2''?- 

32.0 

.5.8 

3.8.6 

2.9 

21.3 

1.1 

Kerosene 

17. 

17.2 

nil 

4.9 

4.5 

nil 

nil 

Gas oil 

S.3'o 

10.6 

27.8 

17.3 

10.6 

34.6 

00.0 

Xonviscous lubricating 



10.9 

20.4 

9.4 

8.6 

10.4 

14.2 

Aledium lubricating 

3.-n 

5.2 

9.2 

6.3 

0 7 

7.0 

4.7 

\iscous lubricating 

nil 

nil 

nil 

nil 

1.020 

4.7 

ll.G 

Re.siduurn 



23.0 

36.4 

22.1 

58.4 

21.4 

12.7 

Distillation loss 

.9^c 

.6 

.4 

"l.4 

1.9 

0.6 

0.2 

Carbon residue of residuum . . 

l.l<^c 

6.2 

6.9 

7.3 

18.2 

8.7 

4.0 

Carbon residue of crude 

0.2 

1,0 

2..5 

1.6 

10.6 

1.0 

0.6 

Key fraction Xo. J. (250-27 5~ 

C.J 4^2-o27~ F.. 150 mm. prcs.^iirc. 






Per cent cut 

fi.8^c 

6.5 

7.1 

5..S 

5.1 

10.1 

19.6 

A.P.I. of cut 


40.C 

30.4 

37.0 

37.0 

30.2 

27.9 

Key fraction Xo. S. (273-300~ 

C.J 527 -57 r F., -10 mm. 

vressnre. 






Per cent cut 

4.4 

•5.7 

9.0 

4.9 

8.2 

6.0 

7.3 

A. P. I. of cut 

34.4= 

20.3 

30.0 

24.9 

30..J 

24.0 

16.0 

Viscosity at 100' F 


120 

120 

10.5 

240 

230 

ovei' 400 

Cloud test, in 'F 

00 

90 

90 

hO 

70 

90 

below 5 


If key fraction Xo. 1 reads 40.0' A.P.I. or lighter, the lower boiling 
fractions of the oil are paiaffinic; if it reads 33.0' A.P.I. or heavier, they 
are naphthenic; if its gravity lies between 33.0' and. 40.0' A.P.I., they are 
intermediate. 


If iIjc graviiy of key fraction Xo. 2 is 30.0' A.P.I. or lighter, the 
higher-boiling fractions c»! the oil are painninic; if it is 20.0' A.P.I. or 
heavier, the frnction.= are napJithenic ; while if the gravitj” lie.s between 
20'^’ aiKl 30’ A.I’.I,, tlie frac*ti(.>ns are intenjiediute. 
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Figure 138.— The rayon plant at Spruance. Virginia, of E. L dii Pont and Company, as seen from the air (by permission). 
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riinnino- on an oil einiiitsion, whirled in a large centrifuge to remove ail 
mobile water, and dried in hot closets witli circulation (see flow sheet). 
Then the thread is rewound under tension into cone shaped spools, for the 
knitting trade (socks, stockings, lingerie) ; it is wound into skeins for the 
weaving trade, much of it for mixed weaves. After a final inBi:)eotion, the 
product is shipped out. 

In order to produce 1 ton of salable rayon, there are needed 2 tons 
of caustic (solid iSTaOII), 1000 pounds carbon disulfide, IX tons of sulfuric 
acid, and 1.12 tons of sulfite pulp. 

Important developments are taking place ccjnstantly in this field of 
synthetic fibers. One will be indicated. The tlircad in the kilicnfeld 
viscose process is set under tension, in a bath higher in acid, and lower 
in temperature than the standard; also the viscose is made from a 
xanthatc containing twice the amount of carbon bisulfide usually taken. ^ 

The CEELUnosE Acetate Proct{is« 

When 1 part of cellulose (cajtton linters) by weight is treated with. 
4 parts of acetic anliydridc in 4 parts of glacial acetic acid, with the 
addition of 0.05 part of sulfur dioxide in 1 more part of ac*etic acid, 
a jelly forms first, then solution takes place within 5 to 6 minutes. This 
reaction takes place in enameled iron tanks. Another formula calls for 
1 part cotton, 3 parts anhydride, and 3 parts acetic acid. To the re- 
sulting solution, water is added, and a precipitate ai^pears in the form 
of white floccules: these are washed from acid, dried, and dissolved in 
acetone, forming the spinning solution. This latter is filterecl with great 
care, and clcdiverefl iinfler pressure to the spinnerets. The liquid tliread 
is ejected downward; a stream of warm air traveling vertically upward, 
removes the soK'ent, allowing tlie solid thread to foiun. A spinneret 
made of non-corrosive metals (but not noble metals.,) is used; it has open- 
ings similar in size and number to those in the s])innerets for viscose 
silk, and the resulting acetate silk is descri})ecl in terms of deniers and 
filaments. The thread from the spinneret is wound on a bobbin or 
forms a cake in a small centrifugal, after which it is twisted if on a bobbin, 
spooled and reeled into yarn or wound into cones. The acetic acid, i^artly 
introduced as such, partly formed in acetylatiiig, is largely recovered.^^ 

(Cellulose) OH -h Cll.^ . CO . O . CO . CIH = (cellulose) O . CO . CIT -f CH; . CO . OH 
acetic anhydride cellulose acetate acetic nctd 

It will be noted that for each hydroxyl in cellulose which is changed 
into the acetyl derivative, one molecule of acetic acid forms. Of the 
several hydroxyl groups in the cellulose molecule, only a few are 
acetylated. A portion of the acetone is also recovered. 

The product from this process is not regenerated cellulose, as in the 
case of viscose silk or rayon; it is an ester of cellulose, cellulose acetate. 
The ester radical remains in the finished product, w^hich w’eighs some 


^ Ind. Eng. Chenx., 22, 464 (1930). 

® See Srewstcr process, Cliaptcr 16. 



376 


INDUSTRIAL CHEMISTRY 


50 per cent more than the original cellulose taken. It is properly called 
acetate silk; example of trade names, Acele, Celanese. Originally, acetate 
silk was much dearer than rayon; by means of improvements, among 
others a fair recovery of acetic acid, the cost has been gradually lowered 

Acetate silk has a lesser affinity for water, so that when wetted it 
retains most of its strength, in which respect it is superior to rayon. 
There is no aging phenomenon to contend with in acetate silk spinning; 
dyeing is satisfactory; during the process of manufacture, there is a gain in 
weight. It is likely, therefore, that this process will continue to develop 
\vith success. The names of the English chemists Cross and Bevan, and 
of the IDreyfuss brothers, also Englishmen, are associated wdth the earlv 
developments of the cellulose acetate process. 

The Cuprammokium Process 

The cuprammonium process lends itself to ^^stretch-spinning.’' Cotton 
linters are dissolved in an ammoniacal copper oxide solution ; the viscous 
solution so formed is ejected into water, and the thread formed is stretched, 
by 40 to 60 per cent, after which it enters the acid coagulating bath and 
may no longer be stretched. As a result, a thread finer than spun is pro- 
duced, so that for the very fine filaments (under 100 denier) , which possess 
the greatest softness, this process is well adapted. Other operations are 
similar those for viscose rayon. 

It is not certain, nor is it desirable, that one process should crowd 
out the others. It is rather more likely that each process will develop 
a thread with one superior property, strength, capacity for dye absorp- 
tion, resistance to wetting, evenness, low' dtoicr, or some other, so that 
each process will have a special field and contribution to this new in- 
dustry. 

TabIjE 39 . — United States Production of Yaryx, by Processj 1035^^ 

Price 

Pounds Value per pound 

Viscose and cuprammonium 201,964,505 $110,227,777 54.6 cents 

Cellulose acetate process 55,592,842 35,839,693 64.0 cents 

* Riirenu of the Census. 

Staple Rayon. A comparatively new product is staple rayon, which 
has already been mentioned. It is spun as the standard viscose thread, 
into the same kind of coagulating bath, but a large spinneret or nozzle is 
used, with, for example, 3200 openings. A thick bundle of threads form, 
and a number of these are united to form a “rope.” After washing, and 
desulfuring, and drying, the “rope” is cut in short lengths, 1-^ inch or 2 
inches ; these are then blown into a fluffing machine, in which a rapidly 
revolving wdieel separates the threads, leaving them curled and intermixed 
in all directions- It is packed into bales, very much as clean cotton is. 
Staple rayon is adapted to weaving on the standard cotton weaving 
machines. The total cut staple rayon for the world was 271 million pounds 
in 1936, of which Japan produced 50 million, the United States perhaps 
27 million pounds. The price was 35 to 4:0 cents a pound. The goods made 
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from woven staple have properties of their own, and are quite different 
from those made from spun rayon. 

Distinction from Worm Silk. Under the microscope, viscose rayon 
is flat, while worm silk is cylindricaL On burning, viscose rayon and 
the other forms of rayon give no odor while worm silk emits the odor 
of burned hair. There are many other tests.*^ 

Table 40 . — Comparison a} the Various Textile Materials Consivnied in the 

United States, 1935. 

!MiIIion.s Percentage 

tif pounds of total 


Ra^^on 251 7.2 

Worm, silk 62 1.S 

Wool 403 11.6 

Cotton 2764 79.4 


Other Uses for Viscose 

In addition to rayon, viscose and some of the other cellulose solutions 
are made into transparent sheets of great brilliance, which are used for 
wrapping goods of various kinds. Viscose horse hair is used in millinery, 


Figure 139. — Two 
handfuls of rayon 
staple ; right, the 
^‘rope” cut into 2- 
inch lengths; left, 
product after pass- 
ing the fluffing ma- 
chine, now similar 
to cotton in the 
bale. 


and also artificial straw. A hollow' thread has been announced, also 
cotton fibers coated wnth viscose, and combinations of rubber and viscose. 
Wire netting coated with one of the cellulose solutions is suitable as a 
glass substitute in poultry houses, and offers the advantage of transparency 
to much of the ultra-violet region of light, (See Curves, Chapter 11.) 

Hydrated cellulose and cellulose acetate may be formed into caps 
for sealing bottles. The caps are kept under water until needed. In 
order to apply a cap, it is placed loosely over the stoppered neck of the 
bottle and left over night. It shrinks and attaches itself firmly to the 
neck of the bottle, sealing it. 

‘Tdentification of rayon,** Wm. X). Orier, Ind. Eng. Chem,, 21, 168 (1929). 
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Transparent paper (Cellophane, Transparit, Sylphrap) is made by 
extruding' a viscose soIliIJou tliroiiy;h a long' narrow slit into a setting bath 
Kodapak is a cellulose acetate sheet oi‘ high transparency. The size of 
the slit determines tlio thickness the paper will have; the length of the ■ 
slit is also the width of the The process is continuous^ and a 

sheet of any length is produced. It passes through tht^ setting bath 
through water to reino\'e acid, through a bic*,a.rl)onate solution to neutralize 
the last traces of acid, through a sodii ash solution to .I'cinovc sulfur, 
through a dilute iicid to I’eiuove the carbonate, through water, then 
through a glycerin solution fj'oin which is ahsorbcul 17 per cent glycerin. 
It is then dried on steam drums and rolled, viu-y much as i)ai>er is (Chapter 
21). The transparent paper may be colored by ])asslng the i>a]KM* in the 
gel state, that is, right afltn* alkali and aend removal, through a dye sedntion. 
It may be enil.)ossed by passing it bcdwcHui engravc'd coppcir rolls. 

Celloi)liane is made moisture prc3of and wattu- [)i’oof by i)assiug the 
sheet, after the glycerin bath, through a bath (‘onsisting of a dilute 
lacquer solution with I'athca- volutiUi st3lvents sucdi as cdliyl a(*.etate. The 
sheet in loot) form contiiuu'S to a chamber whertdn warm air i*emoves 
the solvents; the lacapun’ with the ])roi)cu’ amount of plasiicizc'i* and 
softener>s i*cniiains as a coating. Tlu^ solv<mts ai‘e rc^co v(‘r(‘( I by means of 
activated charcoal. 

An artifhual sausage casing is now successfully markeded; it is seam- 
less, and is made in the same way the transparent i>apc‘r is made.^'^ 

Cellulose Sponge- A strong, durable sponge is made from viscose, 
by incorporating Claul)cr salt crystals of all sizOvS, placing boxes with 
the mixture in the coagulating batli, and i)rc(jil)itating the cellulose. 
Some hemp or other fibrous material may bci mixed with the viscose. 
The blocks so formed are leached Avith warm wiiter, removing the crystals, 
Avhicli then IcaA^e correspondiiig cavities. An improvemeiib consists in 
coagulating with a hot salt solution, vvliich penetrates cpiickly into the 
interior of the blocks, and also causes the contained Glauber salt to melt 
and thus be simultaneously removed. The blocks are cuit into square 
edged pieces, about riglit for one's hand. They take up water and may he 
squeezed free from it just like a sponge. A cellulose spc^iige with uniformly 
fine cellules is made by using fine crystals exclusively. 

VunCAisuzim Tibkr ® 

Vulcanized fiber is made from cotton, and linen rags, not from wood 
cellulose. The rags arc washed, shredded in a beater engine and made 
into paper in the same way as expressed in Chapter 21. The paper is 
then passed through a solution of zinc chloride of approximately Be. 
concentration. This gelatinizes the paper and permits it to form a homo- 
geneous layer in the following operation, which consists in winding it 

s Vissking Oorporation, 4311 Justine Street, CliicMigo, 111, 

U. S. Patent 1,909,629, to Hugo Planxienstiel ; earlier patents are 1,142,619 and 1,611,056. 

® IDescription written specially for tlius text by Xlr, Gustavu.s J. Plsselen, Cellulose expert, 
Boston, Mass. 
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up on a warm, heated, iron roll until the desired thickness has been 
I'cached. It is then ^vashed. in successive solutions of gradually decreas- 
ing zinc chloride content, and finally with water. The washing opera- 
tion is a time-consuming one and may take anywhere from ten days to 
two months, depending upon the thickness of the stock. After the zinc 
chloride has been completely removed, the vulcanized fiber is dried, 
and is tlien subjected to a preliminary flattening operation, following 
which it is calendered by i:)assing it Vjetween heavy rolls. 

Although the larger part of the vulcanized fil)cr is now made by the 
zinc chloride process described alcove, there is still a certain amount 
made with sulfuric acid in which a cold acid of about 5M or 55''" Be. 
concentration is used. "With this process, the x^aper is not ordinarily 
wound up on a forming roll, but several layers are passed through the 
acid simultaneously and arc combined by running them between a pair 
of rollers under pressure. The resulting sheet is first run through dilute 
sulfuric acid and finally washed in water. 

Vulcanized fiber is unusually tough and resistant to al)rasit>n, yet it 
can be readily worked by mechanical means. It finds extensive use for 
containers such as wardrobe trunks, roller truc*ks in textile mills, waste 
]>askcts, etc., where tlic m^iterial has to with.sta.nfl Iiard usage for long 
periods of time. Its chief drawbacdv is the fact that it absorl>s moisture 
and therefore docs not liold its dimensions a<*curat(‘ly under ciiangcs 
in atmo.'^phcric conditions. For cxamj')le, if immersed iu water for twenty- 
four hours, it will absorb between 40 and 60 per cent of its weight of 
water, and swell considerably at the same time. 

The usual color of vTilcanizcd fiber is a sort of gray, though it can 
be readily made in red, black or other colors ])y the introduction of 
suitable iiigments during the jirocess of making the x'J^^per. 

( Jt j I KK Patex ts 

1*. S. I’mU'hL 1.S39.773, maim fictiiro n( rayon, liy tigiii”: sc3ila ci'liulosc i’ruiii wood 
con\'oi'tjng io ceihiJosv^ Xiiiiihato; 1,700,599, .'rpinnin”; of arl iftviai r*f'JIiiIoso 

acc'tiito cspocially ; 1.770,750, maiiiifaet uro of artificial jsillc ihre^ad l)y 

procc.ss; 1,770.412, siarininj:^ visco.so by contrifuf 2 ;al, aial wa-^hing in spinning box (Ai) 
with, a fiilnlc hot. vsoliilion of the salt of a weak acid, \\ :.\\ .ilUa'irH' reaction; 1,702.837, 
rayon from viscose; 1,756,435, treating rayon to remove detriiiionial chemicals; 
1,871,245, process for making viscose, to serve for ra\'on and cellophane; 1,811,420, 
in viscose from, xanthatc, Hi.»S liberation preventetl by converting the S compounds 
into non-volatile ones; 1,814,542-3, shoi*f oninjj; the time of rinening of visco.se by 
adding hemi-celliiloso at some stage of the preparation; 1,779,521, viscose, forming: 
a soluble xantliof 2 ;onate, and removing S <*omx)OiTnds before iirecipitatirjjr 1be viscose; 
1,790,990 (Tdlicnfeld) viscose from celhilose ; 1,990.556, on a riiblxa* funnel thread 
f^iiidc; 2,060,964, funnel for syiinnin^j; rayon; 1,984.853 and 1.986.813, apparatus for 
spinninjx rayon; 2.063.180. prodnetion of artificial filament*?; Prit. Patent 417,920, on 
artificial products from viscose; TJ. S. Patents 1.993,816 and 1,990,617. anparatiis for 
makin^: rayon; 2,024.962 and 2,012.723. on rayon manufacture; 2,018.028, 2,010,822, 
1,995,732. 2.022.856, on making cellulose acetate ; 2,020,247, cellulose acetate composi- 
tion and plasticizer; 2,010,111, makinj? cellulose esters; 1,990,113. apparatus for manu- 
facture of cellulose esters. 

Problexis 

1. 100 pounds of cotton lintcrs which contain 98 per cent a-cellulose are to be 
made into viscose. The batch is treated with 15 per cent ISfaOII to produce the 
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alkali colliiloso anti tlic latter is ohiirnod willi 46 pounds of CS-. Make an estiniat 
of Itlow much xanthate is formed, using the formula in the text for your compo- 
sition. 23y means of 8 per cent caustic, this xanthate is extended to make 1250 
pounds ol' viscose. This is spun, and the yield in the form of filaments in thread 
form is 88 per cent. What is the weight of rayon obtained? 

2. For a daily capacity of 10 tons of product, whiit volume of viscose with 
6 t^cr cent cellulose must ho handled, the recovery in this case', being taken as 96 
per cent? What is the nuniher of tanks you must have road^’’ fillcxi with the viscose 
for one day^s suiiply, for the x)roduction just stated? The tanks are upright cylin- 
ders, 6 foot in diameter and 10 feet high. The sv^ecific gravit-v of the viscose i- 
1.11 at 18° C. (64° F.). 

3. Sixteen times the original 125 x'iounds of sulfite xuil]u with a content of 

86 ]^er cent a.'Collulose, 2 ]:)er exmt ^-cellulose, ami 6 ]>or homi-celluloso have 

been made into a viscose wilh 6.7 per cent cellulose in solution. ^Phis viscose also 
contains 6 yku- cent xNaOH. In spinning this amount, there' will ]>e neutralized in 
the coagulating bath how much sulfuric acid? And what, is t.ho weight of sodium 
sulfate as Olauber salt which must, bo removed in order to disc;ard the exact incre- 
ment of this salt hy’^ the neutralization 

4. Let all of the cellulose in the viscose, as per Prohk'in 3, 1)0 made into cello- 
]diano, without loss. What will he the weight of the cellophanes obtained, allowing 
for a 17 laer cent glycerine content, and a 3.5 Y>c'r cent residual moisture? 

5. A batch of cellulose acetate yarn is manufactured, the cellulose acetate 
corresponding to 240 pounds of ctelluloso in suitable forrii. losing the quantity rela- 
tions in the text, how much acetate yarn will bo obtainc'd, assuming no loss and 
no waste? 
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The three foods essential to the 'well-being of man are 'proteins (meat), 
fats and carbohydrates; the most palatable form of the latter, sutgar, is 
found in natnre and ixeeds only to be eoctracted from the plant. Still 
aizother form is starch, found in a still greater number of plants, and not 
ea:tr acted for food purposes, as a rule; it is isolated for industrial purposes, 
and fro7n it, among other things, an artificial sugar is 7nade, uohich is a 
food. 


Chapter 23 

Cane Sugar, Beet Sugar, Corn Starch, and Glucose 

The extraction of sugar from the plant, and the refining of the crude 
extract, are important industries, for sugar is a favorite and practically 
universal food. It is estimated that the average man in the United 
States consumes 2 pounds of sugar per week. The white crystalline sub- 
stance wdiich is usually called sugar, is more correctly designated as 
sucrose, a disaccharide. The plants in which it occurs and which are 
used as sources are the sugar cane ^ and the sugar beet; the former grows 
in tropical countries, the latter in temi^erate ones. The method of ex- 
traction from the sugar cane is the crushing of the cane and collecting 
the juice wdiich forms; it is essential to press the canes as soon as cut, 
for otherwise there is an inversion of sucrose to invert sugar, wdiich rep- 
resents a loss of crystal sugar. The juice must be concentrated and 
crystallized in the neighborhood of the plantation, for it contains much 
w^ater which could not be transported wdthout great shipping expenses. 
It is customary therefore to work ux^ the cane juice into a first-crystal- 
lized sugar in many rather small xilants. As this first sugar is still 
colored, and has an unpleasant odor, it must be refined, and this is best 
done in a few^ central x^l^i^ts, the refineries. Hence it is well to distin- 
guish three industries, cane sugar manufacture, cane sugar refining, and 
beet sugar manufacture, wdiich latter is so conducted that no refining 
is required. It will be remembered that although the w^ord ^‘manufac- 
ture’’ is used, there is really no manufacture of the sugar, but merely an 
extraction; the sucrose is already present as such in the sugar cane or 
beet. 

The relative imx^ortance of the various sources for sugar in the United 
States is indicated in Table 41. 

Over half of the w^orld’s supply of cane sugar is obtained from Cuba, 
the greatest cane sugar -producing country; the next in importance is 
Java, w'hose product furnishes Great Britain wdth a part of its needs. 
Of the world production, about half is cane sugar, half beet sugar. 
Before the w’^ar, the production of beet sugar wras greater, but during the 
war it fell off, since Germany, and France and Belgium next, are the 

* Th.e sugar cane originated in India, and was known to the Greeks and later to the Itonians ; 
it spread from there, "by the agency of man, in succession, to China, Arabia, Tunis, iVIorroco, 
Madeira, the Azores, Cape Verde Islands, islands of St. Thomas, Brazil, Jamaica (1656), San 
Domingo (1697). Cuba experienced the first blooming of its cane cultivation in 1772, although, 
the introduction had taken place many years before; the cane was brought to Louisiana in 1751; 
it was also carried to Java at that time. 
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greatest beet sugar producers. The beet sugar industry is gradually 
regaining its place. Within the United States more beet sugar is pro- 
duced than cane sugar; the latter comes mainly from Louisiana. The 
ncighboiiring Southern States raise a small crop of sugar (ume which b 
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made into sugar syru]). The growth of the bcKib sugar industry, in 
competition with imported cane sugar, lias been rapid, thanks in part to 
a protective tariff of 2 cents a poi.ind,'^ in jiart to niodca'ii ecjuipinent and 
scientific studies of the culture of the beet. 

In the evaluation of sugar, the fact is ntilizc‘d that sucrose dissolved 
in watei’ i*otatcs tlio i3lano of ])olai*izcd light to the right; the invert sugar 
wliich is lornied from sucrose by the action of certain organisms or of 
acids rotates the plane ot polarized light to the left.-; other impurities 
have no effect on the iiohirizcd beam. I“Tencc the extent of the rotation 
to the right is a nioasiirc of tlio sucrose content of any solution, or of 
any solid after dissolving it. The instiaiment used is the ])olariscope, or 
if the readings arc marked directly in iicrccntage of sucrose, tlie saccha- 
i*imctcr. The latter instrument is the more common, and is conspicuous 
in any sugar laboratory.- The reaction for sugar inversion with the degrees 
of rotation for the pure substance in each ease, and the direction of rota- 
tion (+ for right or dextro, — for left or lovo) is: 

^ The tariff for 75” sugar js 1.7125 cents per pound, with 0.0375 cents more for each additional 
<h*e:ie<', per pouiul (IT. S. '‘.rariff Acti, 1930). C^nhiin sugar is lienee shouhl i>ay 2.50 cents per 

pound; a 20 per conf preferential is applied, liowever, so that it pays 2 cents. The degree of 
Hugar is obtained by reeding tiui imitation of a beam of polarized light- Xlie magnitude of the 
rotation is proporl.iimal to the iimouut of cane sugar present. In *'diro‘Ct polarization.,’' the instru- 
ment IS so ari'anged, and the a.niounts of sample and solvent are so clLoaen, that theu degree read 
IS also the percentage of sucrose, witliout any further calculation. 

“The polariscope is a half-shadow instrument wliose original form is due to Antoine baurent; 
rom'paie the Clieiniker-Kalender," 1924, or more recent editions, by Dr. Walther Roth, published 
by J. SpiJTiger, nerlm; or other chemists’ handbooks. 
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CZI 111 H 22 O 1 J. "1“ H 2 O — C 0 H 12 O c”T~ CJcHi^Og. “{“ t)2.8 92.8 ^ 

sucrose d-glucose l-jructose, hence = — 20.0°. 

+ 66.56° H- 52.8° — 92.8° 2 

The sum of the rotation of the two mono-saccharides, on the right 
of the equality sign, is a negative rotation, hence there is an inversion of 
tlie sign.^ Glucose and fructose are sometimes called reducing sugars, 
because they reduce Fehling’s solution while sucrose does not. 



Ficitre 140. — Front view of a sns^ar cane crushing mill. (Courtesy 
of Oeo, Tj. Squier Manufacturing Oo., Buffalo, iST. Y.) 


Sugar from the Cafte 

The sugar cane is a species of grass, with a single, woody stalk, sur- 
mounted by a grouji of broad leaves; it reaches a height of 18 feet, and 
is planted from cuttings of si^ecially grown canes called the seed canes. 
At maturity, the plant develops many very small flowers at the top, form- 
ing a tuft. In harvesting, the cane is cut at the ground, the leaves and 
tuft removed, and the stalk only carried to the mill. Because of the 


3 The name invert sugar is due to this inversion of tlie sign of rotation. 
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danger of inversion, tlie cane must reach the crushers in a few hours, so 
that a mill serves only a limited territory. The sucrose content in. the 
sugar cane varies between 16 and 20 per cent of the total weight. 

At the mill (Fig. 140) the canes are first cut into short pieces by the 
rapidly revolving knives of the cutter, and then pass to one or several 
three-roll crushers, where the juice is pressed out. The rolls revolve slowly 
and have corrugations. In the usual form, one roll surmounts the lower 
two rolls; the canc travels as indicated in Figure 141, and is carried 
from one lower roll to the second by the trash plate. If no water is added 
the cane is said to be dry-crushed ; if water is played on the cane at the 
second or third set of rollers, it is wet-crushed. The pressed cane is the 
“bagasse,” which is treated further. The juice drops into troughs under 
the rollers and is strained, warmed to 200° F. (93° C.) and run into settling 
tanks for a short time. 

The bagasse still retains some sugar ; in some plants, it is passed 
throi,igh a shallow trough containing w^ater, on an endless belt, and pressed 
in crushing rolls once more. The dilute solution so obtained may be added 
to the first juice. The spent bagasse is a spongo-liko material; it serves 
as fuel, sometimes with the addition of crude oil, or fuel oil; as a source 
of cellulose, or for making Celotex board. 



Figtjke 141. — Crushing rolls for sugar 
cane, willr tyv-iicnl turn plate ar- 
rangement. A, top-roller; B, feed 
roller; C, bagasse roller; L>, trash 
plate ; K, feed of cane ; F , dis- 
charge of erushocl cano. The juice 
runs off at Gr. (Special drawing 
prepared by Qeo. Ij. Sqiiier Manu- 
facturing Co., HulTalo, IsT. Y„ for 
this edition.) 


The amount of juice in the cane varies in different territories; it varies 
also with the degree of maturity. Of the juice in tlie cane, 60 to 80 per 
cent is extracted, depending on the perfection of the eciuipment. An 
analysis of the juice follows 

Per cem; 


Water 83.6 

Sucrose 14.1 

deducing sugars .6 

Undetermined solids 1 .7 


Total 100.0 


Defecation. After any coarse material has settled out, the juice, which 
is still turbid, and has an acid reaction, is drawn into mixing tanks and 

^ After Spencer, quoted from XJ. S. Agr. JParmerj#' JStilL 429, 16 Clftlll- 
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treated with enough lime to render it slightly alkaline. The lime pre- 
cipitates a number of undesirable impurities; the limed juice is warmed 
by steam^ until the precipitate forms a crust (1 hour) ; the albuminous 
material coagulates on the lime precipitate and is carried down (or up) 
with it. After short settling, the clear juice is drawn off to the evaporators. 
{See Fig. 142.) The remaining precipitate is filtered in presses of the 
plate or of the shell and leaf type,'"'* the cake washed somewhat, and used 
for fertilizer. 



Figure 142. — A quadruple effect evaporator, installed in a Porto Ptico sugar plant. 

(Courtesy of the Geo. L. Squier Manufacturing Co., Buffalo, TST, Y. 

First Evaporation to a Syrup. The comparatively dilute juice, with 
14 per cent sucrose, is evaporated first to a strong solution, with about 
50 per cent sucrose; such a solution is still clear, but is viscous. This 
evaporation is generally x^erformed in double- or trixile-effect vacuum 
boilers,® in order to save steam. 

Second Evaporation to Crystal Formation. The syrup is concentrated 
further in a single-effect vacuum pan, in which the vacuum and steam 
may be regulated as the operator deems necessary. In the double-effect 
for the first evaporation, exhaust steam is used; for the vacuum pan in 
the second evaporation, boiler steam is used in numerous coils. The syrup 
is evaporated until a blob on a glass plate examined by lamplight glistens 

S Chapter 42. 

e. T Chapter 43. 
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because of niuiicrous very small crystals which have formed; this is called 
the grainino; j^oint. Adore syrup is then added, in small portions, and the 
new sugar doi)osits on the crystals, causing them to grow^ This is con- 
tinued until the desired growth has been attained; the mass in the pan 
is then tlie 'hnassccuito,’' witVi a total of 82 per cent sucrose, and perhaps 
8 per cent water. Of the total sugar, the hot massccuite lias 56 per cent 
as crystals, 44 per cent as solution; after cooling, 65 per cent as crystals, 
35 per cent in solution. The thick: mass, semi-vsolid, is placed in cen- 
trifugal l)askets,'^ the adhering solution wdiirlcd off to the envelope, col- 
lected and stored i\.s molasses (h'ig- 143). The crystals ai*e wmshed in the 
basket by clear .iuice, tlien removed for shipment. They constitute the 
ra\v sugar, wdiich the refineries i)ureliasc. 



y I ( ; L.' KI-: 143 . — Interior 
in Li Porto 
Jticc) wnpiJir ptmt, 
slujwiii^ the c<'ntrif- 
iniicliino.s, on 
J(4’t, in which 
t he viwv s n a r is 
r 1 * (}. c (1 f r o in the 
mother liquor or 
mohirfses. This raw' 
supiiir is; packed in 
bap;s for shipment to 
the refinery, where 
the whito crystal 
sii^nr is pi'e pared. 


The niolassc's may he (‘oncentrate^ L again, until it contains no more 
sugar wliicli can he erysiallized, wdicn it is vSold for cattle food, for the 
manufacture of industrial alcohol, or other i^urposcs. 

C 3 A N K S l: < ; A u 1 V u V i iv I IS" c ; 

The j’aw cliuc siigcir geucrally jiureliascd l)y the refinery has 95 per 
cent suci’osc; it contains perliapvS 1 per cent of glucose, 0.5 per cent ash, 
and the rest moisture. The main task of the refinery is to remove the 
color and a sliglit odor. The raw sugar is mixed with a mother liquor from 
the previous batch, which removes a large part of the color, leaving the 
crystals undissolved; these are centrifuged, washed while in the basket, 
and dissolved wdth very little hot water to a syrup. A small amount of 
lime is added, and steam blown in; the suspension is filtered by passing it 
through bone char in cylinders 20 feet high and 3 feet wide. The filtered 
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liquor is concentrated to massecuite as was described for raw sugar, centri- 
fuged, and dried in a rotary drier for example to produce granulated sugar. 
The whole of the white massecuite may be solidified to a loaf, Avliich may 
be cut into regular cubes or fiat ijieces (domino sugar). There are many 
other modifications which lead to special forms. 

The bone-char filters are used until they no longer bleach ; water is 
then turned in to remove most of the adhering sugar, the chai* is dumped 
and revi\dfied by heating it in absence of air to red heat; it may then be 
used over again. After a number of such treatments, it loses its decolor- 
izing property and is sold for its phosphate content to the fertilizer trade. 

There are simpler wa^’-s to ^jurify the sugar; tlius mere mixing with 
a motlier syrup, centrifuging, and washing with sugar solutions while in 
the basket, finally with steam, }>roduces a nciarly white product. On the 
otiier hand, bleaching by passing sulhir dioxide in the white syi*iip after 
lime addition is also practiced, followed hy filtering through the bone-char 
cylinders. 

The mother licpiors arc" rather pure, and are usually made into syrups, 
mixed in some cases with ma])ie syrup. 

Sugar from the Sugar Beet 

"Within the United States, Tvlichigan, Utah, Ooloradcj, and coastal 
California are the main producea*s of beet sugar. Thanks to the efforts 
of Euroi^ean scientists a strain of beets has been de\a‘lo] jcmI wliicdi pro- 
duces beets containing as high as 18 ])er cent sucrose, rixailing the sugiir 
cane. 

At harvest time, the beet root, free from the leaves, is carted to the 
sugar house, washed fi'om dirt, and cut into V-shaj^ed slices about oiie- 
ciuarter of an inch in thickness; these are tlie “‘cosettes' ' or noodles. They 
are fed to a number of diffusion vessels, so arranged that the noodles 
may be delivered to any one of the 20 or more vessels from one overhead 
spout- The extraction is by hot water, in contact with the slices, on the 
countercurrent principle. Hot water enters the diffuser whose charge is 
nearl^^ exhausted; sugar diffuses from the cells of the beet into the water; 
the solution travels to the next diffuser, whose slices are richer. The solu- 
tion leaving the last diffuser was in contact with a fresh charge. In this 
way the solution is strengthened until it contains about 12 per cent sucrose, 
forming a dark solution. The exhausted noodles are wmshed out of the 
tank to a receiving box where they dry and are carted away to the farms, 
to serve as cattle food. 

The w^arm diffusion juice is agitated with 2 to 3 per cent of lime for 
two hours, after which carbon dioxide is passed in to saturation. The 
precipitate which forms carries down nearly all impurities; the juice is 
filter-pressed, and in some plants is treated with lime followed by carbon 
dioxide a second time, and even a third time. The filtrate obtained is 
pale yellow; most of this color is removed by sulfur dioxide, which also 

8 The main producing c<3untries are listed in tlie introduction. There might be added Czecho- 
slovakia, the Kief region in Russia, and central Italy. 
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decomposes some salts of calcium with organic acids^ precipitating calcium 
sulfite. As a rule, the sulfur dioxide treatment follows the first lime treat- 
ment. The filtered solution ready for the evaporators is purer than the 
corresponding solution from the sugar cane. The concentration is per- 
formed in double- or triple-effect evaioorators, to a clear syrup, as for 
cane juice, and this is followed by graining in the vacuum pan. The 
crystals separated by centrifuging are washed in the basket, and after 
drying, are ready for the market. The mother syrup is concentrated again, 
giving crystals which are re-worked, and a mother liquor, the molasses. 
As much sugar is crystallized from the molasses as possible ; the remaining 
sugar is recovered by a chemical process, to give finally crystal sugar 
for the greater part. In other factories, the molasses is sold as such for 
consumption. Beet sugar molasses is rarely used for making industrial 
alcohol. 

The sugar in the molasses may be recovered by diluting to about 7 
per cent sugar, cooling to 12° C. (53.6° F.), and adding pulverized lime 
from a Raymond type mill ^ while agitating violently; tricalcium saccha- 
rate precipitates. It is filter-pressed and washed and serves instead of 
lime in the purification of the warm diffusion juice (Steffen process). 
When this process is used, the total recovery of sucrose in the beet is 85 
to 88 per cent. 

There is still sugar left in the mother liquor from the Steffen process; 
it may be recovered by means of the barium saccharate process, success- 
fully operated by a large American beet sugar company. Barium hydrox- 
ide is added to the discard molasses; the sugar precipitates as monobarium 
saccharate, which is filtered, and decomposed by means of carbon dioxide. 
There are formed barium carbonate, and a solution of sugar which is 
worked up as usual. The barium carbonate is put through a cyclic process, 
for the regeneration of barium hydroxide. The carbonate is mixed with 
sand, or monobarium silicate from a previous run, and furnaced to form 
dibarium silicate. This latter is suspended in hot water, giving a solution 
of barium hydroxide and monobariiim silicate. The sugar produced by 
this process is of the highest purit 3 ^. 

Other forms of sugar are sorghum or sorgho syrup (Alabama) , maple 
syrup (Vermont and New York), and honey, at one time of great impor- 
tance; to these natural sugars, the manufactured glucose, described in the 
latter part of this chapter, must be added. Another natural sugar which 
may be produced in quantity in the near future is crystallized levulose 
from the French Jerusalem Artichoke, which has been grown in Penn- 
sylvania.^^ The tuber contains as high as 12 per cent fructose (levulose), 
of which 80 to 85 per cent may be recovered in crystallized form. Glucose 
from starch is presented in this chapter, and ^^sugar by the hydrolysis of 
wood cellulose’^ is part of Chapter 16. 

» Chapter 44. 

10 Ind Eng. Chem., 16, 1250 (1924). 
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Celotex 

Instead of burning bagasse under boilers, it may be made into a build- 
ing board called Celotex. The bagasse is freed from gums and waxes 
and the resulting pulp made into sheets one-quarter inch thick, very much 
as cardboard is made. After drying, the resulting board is suitable for 
sheathing buildings, either as outside covering or under clapboards and 
shingles. It is stronger than wood, and has a high insulating value. A 
certain amount of sugar clings to the cellulose. 


Starch 

Starch, like sugar, occurs as such in the jolant and requires only an 
extraction. Corn is 65 per cent starch ; wdieat, rye, and rice contain a 
high percentage of starch; potatoes contain 15 per cent. If a raw potato 
is grated, and the gratings gently agitated in a tumbler of water, a 
cloudy liquid forms which ^ strained from the pulp, deposits a white 
powder in a short time; this powder is the starch. The process of extrac- 
tion in every case is essentially as given, but with a great variation of 
details. Starch is a food; heated with water it partly dissolves, and 
the solution has adhesive properties, which leads to its use as a size. 
Hydrolyzed, the large starch molecule (C 6 HioOr»)ii gives dextrin or Brit- 
ish gum, with a somewhat smaller molecule; maltose, the disaccharide, 
on continued hydrolysis, and finally, d-glucose, the monosaccharide, dis- 
cussed under sugar. To some extent, all these products are formed at 
the same time; on lengthening the process, more dextrin passes into the 
lower forms; with the longest treatment, all the starch passes into d-glu- 
cose.^^ The hydrolysis is hastened by the use of dilute mineral acids, 
and these are therefore used for the prodiiction of commercial glucose, 
the syruj:), from starch; for this manufacture, starch, extracted from the 
plant, becomes a raw material. 

Starch from Corn (Maize) and Corn Oil. In the United States, starch 
is made from corn almost exclusively.^- The corn is steeped in water 
which contains a small amount of sulfurous acid (H 2 SO 3 ), chiefly as a 
germicide; the softened grain is shredded in squirrel-cage disintegrators,^^ 
and next suspended in water, with agitation. The corn seed, or germ, 
floats easily and is run off wdth a gentle flow of water from the surface 
of the tank; the hull, starch, and gluten remain in the water and are run 
off at a lower take-off. 

The germs are rich in oil; they are collected, dried, and pressed for 
the oil in a way very similar to the pressing of flaxseed for linseed oil ; 
the product is corn oil. The press cake serves as a cattle food. 


The old name for dextro-gliicose, namely dextrose, has become irrational since the synthesis 
of levo-glucose, and should therefore be abandoned. 

In 1914, 97.4 per cent of the starch made was from corn, 1.6 from potatoes, 1 from wheat 
In Germany, potatoes are the usual source CU. S. Tariff Commission, Tariff Information Survey 
); in 1929, 93 per cent of the starch made was corn starch (XJ. S.), and in 1935, 


90.7 per cent. 


Chapter 44. 
Chapter 29. 
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Tiic susponyiou con t ain ino- l,]ic wtarcli is sca’ocned llirongli ]')olting cloth 
strctchoxl oil a friinic oT wood to torni a cylinder, which slowly revolves 
about its long axis; starch and gluten pass through, the luill is retained. 
The starcli suspension is next passed tln-ough a long sluillow trough slightly 
inclined at tlie far end; the starch grains setllc in the trougli, wliile the 
gluten floats off. The separation is not perfect; even after re]')cating it 
the gluten still contains a large percentage of starcli. ^Fhe gluten is made 
into gluten meal (filter press) for special ])reads. 

The starch in the t.rcaiglis or runways is shoveled ont,o small cars, 
washed again for certain grades, settled and dried at a low teiuperature. 

Cj raroosu 

In order to change the sl.ai’ch to the c‘.oinmcM‘(‘ia.l glm^osc^, (he syrup, 
it is liydrolyzcd with a 0.5 pen' (unit sulfuric, aend solution; in thirope, 
liydrochloric a<3id is generally used. The sta.r(di is sus])(^nd(ul in much 
water, the acid added in a predi ininary , open converter, and the whole 
heated with steam; after an houi*, it is transfcn-rcul to the closed converter, 
of coiii)cr, and hcatcul further hy (lircu‘t stcuim unden* ii ])rcssurc of 50 
i:)Ounds; tlic time in the second converter varie^s from 10 to 20 minutes. 
The discharged inrochu't is neutralized with soda, ash; impurities separate 
in the neutral solution, arc filtered, and tlic clear filtrate is passed thr(')ngli 
bone-char filters. A second filtration is followed by an adjustment of 
tlie pn of tlic glucose syrup to 4.7, by means of a small amount of hydro- 
cliloric acid (nevci* exceeding .0047 per cent), a- recon(*(nitra.t ion to proper 
gravity, and neutralization of tlio mineral aedd by sodium acud.ate, leaving 
tlie pri at tlic iirojicr figure. This is done to ]U‘cvent inversion of cane 
sugar when the syrup is mixed with it in (uin feed ionery manufacture. 
The final syrup is about Be, and is clear and colorless. 

Commercial glucrosc is not a single sul)st;in(*c in solution, ])ut a mix- 
ture (d’ tliree: dc^xti’in, maltose, and glu(U)sc. The bulk of the syrui^ on the 
niai-ket contains about 34 per cent of reducing sugar, essentially glucose, 
and calcn ated as such. It scr\ '.s in the confecdac^ncry trade as a sweeten- 
ing agent; it is also sold in small cans for consiimption as a syrup in 
liousehok Is. 

By using more aedd and heating in the cdoscal ('‘•onverter for a longer 
period (30 minutes), the conversion (o glucose is aj )i)roximately complete. 
A starch solution rotates polarized light fartlicr to tlie right than d-glu- 
cosc; the fall in rotation lias tliorefore become a means of following the^ 
jirogrcss of the conversion. The product after neutralization and filtra- 
tion may then be made into a solid, by evaporating in two steps, as with 
cane sugar. In the first step, the syrup is produced, and this enters a 
single-efiect vacuum pan, where it is concentrated to 42° IBe., with a con- 
tent of 80 per cent glucose. The concentrated sugar liquor is run onto 
large tables where it solidifies; when cold, it is cut into slabs, and these 
are chipped into smaller x:)icccs for shipment. This is corn sugar, also 
called grape sugar. It may be crystallized by seeding it with glucose 
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crystal??, called dextrose in the trade. The sugar is slowly agitated dur- 
ing crystallization, which is slow; after 90 to 100 hours, the crystals are 
centrifuged, and arc then 99.5 to 100 per cent pure. This is dextrose 
hydrate, perfectly white in color. 

The syrup from the first step is “corn syrup unmixed” used in candy 
making, in leaking, preserving;; with the addition of cane sugar syrup, it 
becomes a tabic syrup, known for cxami>le as Karo syrup. 

Both corn syrup and corn sugar are of industrial importance, as indi- 
cated in Table 42. 


T A H I .Tc 4 2 . — P ra fhicls from Corn ul 1 0 3d (U . S . ) 


Pounds 

Slarc^h from corn 756,281,202 

Corn Hii^Mr 351,084,860 

Corn nninixocl 783.959,169 

Corn oil 127,394,939 

Corn oil c:iike and meal 19,325 Lon>’ 

■''Bureau of tho Census. 


events per pound 

3-52 

3.14 

2.71 

10.82 

823.40 


( J T 1 1 KR P AT K N T S 

1.849,998, ])ro(uiction of siijrar from dried s^ng'ur boci ; 1,755.165. inolhod of Iroat- 
in^i hot^t jiiico to prochu'o su<riir: 1.750,756, mannfactnro of corn starch: 1.792.0S8, 
manufacture of soluble starch, by sodium hypof.dilorit c*. 


PrOBIvRMS 

1. llurimr the liar\'est, 1000 gallons (si), err. 1.06) of cano Jui(.‘t^ is ory.stullized 
every day. Thc^ analysis is as ^'ivrn in tlie text. d"he reco\'ery of sucrose is 65 
per cent.; Iho ra.\v sua’ar sop«a rated contains 95 per cent, sncro.s<.‘. How many i>oiinds 
of raw suaar will bo ol)tainf’cl per <[ay? W'hat siz(' tilths would you select for 
holdinjr flu' juice? 

2. Twc) tons r)f suiiar beet coni airliner 16 ])er cent suciosr- are extraraed. The 
reco\ ery is 80 pm- (*ent. How many [;)Oiiiids of beet sugar ai-e ol:>1ainod? In order 
to preciidlale tlie rmnaiiiin^ sucrose, hydrated lime is addorl to the molasses, in an 
a mount, su IHcicnil to preedpitaf o all the sugar as tricalciuin saccharate 3CaO . CuH-i-Oii- 
How much lime will you need? 
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1936, tKere zvere prod^icod in the United States 1 ,089 'million barrels 
of crude oily and from these, 19,790 million gallons of gasoline. These 
figures shon> that petvolexim and its products are necessities in the 7nodern 
zuorld. It is to the chemical engine€,r that the 'world O'wes the increased 
a^nount of gasoline, manufactured in part by ‘^cracking’’ heavier frac- 
tions, in part by poly^nerizing waste gases; to him it orves the rescue of 
lubricating oil of the best quality froin Inferior Itibe fraction, and the 
gy^admally lengthenmg of the list of products nxade from petrolexini. It is 
to the geologist and. the geophysicist that the roorld oioes new methods 
of locating oil-hea^nng 7-ocks. 


Chapter 24 

Petroleum and Its Products 

When first obtained from the ground, before refining in any way, 
petroleum (rock-oil) is called "'crude oil.’" It shows itself in some cases 
at the surface, through seepage; in other cases it occurs at moderate 
depths; in still other cases it must be sought by drill holes 5000 feet 
and more deep. When such a drill hole readies an oil basin, the oil is 
frequently forced out under enormous pressures; gas, salty water, and 
sand usually accompany the oil. After a period whicli varies consider- 
ably, the flow becomes quieter; after some montlis it docs not gush at all, 
and the oil must be pumped out ; finally, no oil is obtained even by pump- 
ing; the well is dry. ISfew wells arc therefore constantly sought. The 
oil prospector chooses lands possessing a subsoil which has characteristics 
indicating peti-oliferous strata; these characteristics vary in the various 
fields, and in no case is it beyond doubt that a drill hole will reach oil. 
The scientific search for oil is supplemented by accidental discoveries, in 
the course of drilling for watci' for cxainj^le. Where natural gas occurs, 
it is reasonable to prospect for oil;* it is by no means certain that oil will 
be found, but since petroleum consists of a mixture of hydrocarbons, the 
lighter ones such as methane, CTI4, and ctliane, C2IT0, may have escaped, 
leaving the main body of liquids and solids not very far away. The 
heaviest hydrocarbons are solid ; the intermediate ones liquid. 

Discovery of Oil. It was not so mucli the genius of man which dis- 
covered petroleum oil, rather was it the oil wliich revealed its presence 
and forced itself upon his attention, by seepages which frequently coated 
small rivei's, as in Pennsylvania ; by contaminating brines, much to the 
disgust of the early ( 1806 ) salt refiners, as for the brothers Ruffner along 
the Kanawha river in West Virginia; in the escaping gas rich in vapors 
and known for centuries, as in the Baku peninsula, where the "eternaT" 
fire gave a powerful support to religious cults (Zoroasters) Only in 
more recent times, especially in the two decades past, has a more inten- 

■* Th.o nodessa field, Gaddo Parish., in Louisiana, was a gas Tield for many years; only in 1935 
was it discovered to carry oil, 

^ P. 478 and. 474, in "Outstanding features of petroleum, development in America," by David 
White, Bull. Am. Aasoc. Petroleum Ocologiata, 19 , 469-502 

392 



24. PETROLEUM AND ITS PRODUCTS 


393 


sive search taken place, partly, because the evident clues had been 
exhausted, and partly because petroleum has become a necessity to 
national as well as to civil life. To the study of the soil for indications 
of x^etxoliferous strata, which has already been mentioned, there were 
added scientific methods, the revival of the anticlinal theory, the measure- 
ment of temiDerature in adjacent wells in order to locate the anticlinal 
axis, gravitometry, including seismic or sonic apparatus, and the mag- 
netometer.- Of these a few w'ords might be said in descrif^tion of the 
seismic method, the most successful one. 

The seismic method for underground exploration is an adaptation of 
the study of low-lying, deeioly buried rock formations, by the echo char- 
acteristics of time and direction of an artificial vibration, such as the 
explosion of a charge of dynamite; it is called the seismic reflection 
method. A portable seismometer is set firmly on hard ground; it con- 
sists of a post bearing a long pointer rigidly fastened to it, and a heavy 
weight suspended from an arm. The post moves with the vibrations of 
the ground; the pointer magnifies them, and throws a point of light on 
the face of the weight. This latter by virtue of its inertia does not respond 
to the vibrations. A moving' picture camera, set in rubber, records the 
path of the light; the rate of travel of the film gives the measure of time 
in thousandths of seconds. A charge of dynamite, let us say 11 iDounds, 
at a depth of 95 feet is set off, and the first vibration as well as the sub- 
sequent reflections from the low-lying rock formation recorded- The 
time for the reflection to travel upward gives the depth; thus, in one 
case, two and 365/lOOOths seconds indicated 18,000 feet. The slope of 
the strata is given by the shai^e of the curve. Alany such records are 
made in order to x^lot an area.^ 

Petroleum is found only in sedimentary rocks, and has its origin in 
the remains of j^^lants and animals,^ which accumulated along with clays 
and muds along the sea. At a later geologic period, these strata were 
lifted and wari^ed, forming arches (anticlines) and troughs (synclines), 
from one mile to several miles in width. Oil is found in the anticlines, 
having risen above the ^vater ; it may also be found in synclines, if the 
upper space (to the neighboring anticlines) is filled with the still lighter 
gas, also formed from these deposits, and tax>}^ed as natural gas. 

Since 1850, there were manufactured from fatty coals, Scotch boghead, 
bituminous shale, several products, one of which was an oil used for 
lighting and called “coal oil,” which was taking the place of the disappear- 

2 Jbld., 501 . 

2 In part from a radio broadcast by Or. Jolin P. Buwalda, California Institute of Technology, 
in a series on Recent Developments in the Geologic Sciences, under the name “Searcliers of the 
Unknown,” Jan. 4, 1936. 

4 There have been many theories for the formation of petroleum deposits in the ground. Xmong 
the earlier ones was that of Engler who referred the formation of petroleum to a store of fatty 
remains of all kinds of life, but especially animal life; his opinion was based on laboratory experi- 
ments with menhaden oil, from which he produced, a petroleum -like substance. C. Engler, Ber, 
Deutschen Gesellschaft^ 21, 1816 (188SI. Among the present workers, Alfred Treibs assigns to plants 
the dominant role in forming petroleum, to animal remains a secondary’' role. His statement is 
based on the spectroscopic study of the light absorption of petroleums, in which he thus identifies 
and estimates quantitatively porphyrins of chlorophyll origin in a high percentage, while he also 
finds porphyrins of hemoglobin origin, but in much smaller amounts. Ann., 510, 42 (1934). A brief 
summary of the older theories will he found in ‘‘The examination of hydrocarbon oils and saponifi.able 
waxes,” D. Holde, tr. by Edward Miueller, New York, John Wiley and Sons, 1922. 
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iiig whale oil distillate. It was i*oi‘ the i^urposc of securing raw material 
for such ^^coal oih" that Colonel J.)riike Siink liis now famous well at 
Titusville, Pa., in 1859; it was 691 feet deep. Siiu*.e then oil wells have 
multiplied; in the United States there were drille^l, in 1936, 25,000 wells 
of which 18,000 were ])roductivo. In 1935, a total ot 340,990 wells were 
productive and in o])eration (in U. S.) ; tlu^ ave^rage^ yitdd per avcU was 
S.l bai-rels, but while some wells i)ro(lue€Hl half a l)arr(4, otluu-s gave 175 
barrels per day. When first tapped, the \v(41 nniy l>ci a gusher, with 
many thousands of bari*els }^er day; this output b<.‘gius U) decrease at 
once, and gradually tapers off until a ]uim]) is nec'clcMl lo bring up the oil. 
A lil'e of 20 years is the rough estimate for a new j)ool. 

A depth of 4000 feet was ccjnsiderod oxtrenu^ not so long ago; to-day, 
10,000 feet is not uiinsiial.-"’ The cost fur a -lOOO- {‘oui. wadi is close to 
$50,000; for the 8000- and 10,000-fo()t wadi, it is $250, OOO and more. lle])tli 
drilling has been helped b^^ tlie dtwadoi )nK‘nt of rotary drilling; scaaaad new 
chemical agents and the ai>plication of aifids lia\a‘ <a)n( ribut The 

world’s deepest producing wadi is 10,569 fcad. lUa'p (January, 1937). 

Petroleum Reserves. Taking ptd.rohuiin Trom ground means 

taking from a finite store, and til the rising rutc^ of crude' oil production, 


Tagle 43. — Riiili’/naUi of Pyoiutt Rcfurix.^ of tlio \W/rl<^ on JmnKirtj /, JfhiC 

(In. uf i ( PtIlinNs) A' 


United . 

Russia 

Iraci 

Iran. 

Venezuela 

Rou mania 

Dutch Ka.st Imlic's 

Mexico 

Columbia 

Peru 

J-ii-itisli Irnlia .... 

Argc.nitina 

dVinidad 

Otlior ccniiitrif's . 


10.575,000,000 

2.830.000. 000 

2.475.000. 000 

2.150.000. 000 

1.350.000. 000 
()33,()00,000 

450.000. 000 

420.000. 000 

275.000. 000 

138.000. 000 
1 :i 1 ,000 ,000 

92.000. 000 

91 .000. 000 

375.000. 000 


World Total 21 ,905,000,000 

* GiirfiaB and WIn*lrii*l, C)il I")!*!!!!!*!!!!!*!!!., TT. IDoIkm'Cv Oo., in Oil Weekly, 10, 

fFob. 24, 193G). 

*•' Ftjr tlu? TTniltKl lia.s biuMi ili.'sct jvc‘ri;d in 103G, ;ui ad< I i tionid 1 ,08<S,1)S1 ,000 barrels. 

(Oil a) id ejatt J.) 


thought has been given to the extent of this stoi-e. For the worlds by 
countries, the proven reserves, that is, those establishcil by drilling to the 
pool to establisli its dimensions, arc given in tablcj 43. For the United 
States, the relation between j)roven reserves and ])roduction over a period 

® In some case.s, it is possible that an upper pool, which lias b(*cn i-)nrnpe<l out, is underlain 
by a lower pool. The Fox pool, Oklahoma, at the 2000-foot level, x:)rocluciu{^ since 191C, was “on the 
pump'* in 1935; in October of that year a new well, 8088 feet down, broiig:ht in a new producing 
pool, 6000 feet under tlie original ont». It was |i 5 n.sher, with 8 to 10 thousand V.)arrels a day. “The 
field tliat came back,” C. E. Savage, TJi*i Tuum.'p, Eebruai'y, 1030. 

® “Science goes down an oil well,” J. Arthur Solm, THe. J^niri'p, Oecember, (1936). 

IVEcGonigle No. 12, Ventura Avenue field, California. The rect>rd bedore that was held by 
H-igolette No. 5, Ijafitte field, Jefferson Parish, Ea., wltli a depth of 10,244 feet. 
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of years is shown in the graph adjoined, Figure 144. It would api^ear 
that the rate of discovery has keiot pace with the rate of production. 
For 1936, for cxami^le, there were added to the proven reserves 1,088,981,000 
barrels, just equal to the production. And yet, the possibility of exhaus- 
tion after several decades exists. One means for conserving is to reduce 
or abolish waste, and that is being done by state regulations, by pro- 
ration, by the unit operation of pools.'"^ Another means is the more com- 
plete extraction of tlie oil sands for their oil; it must be explained that 
the oil nearly always lies in sand, and that rarely is there as much as 
50 per cent of the total oil lifted to the ground; more often 30 per cent 


PicvRK 144. — A jirapli 
sli owi 11 a c* cii 11 1 u J a t o d 

disirovei’ios, ]:> v o v c ii 
roser\'es, and acciiiiiii- 
lated production of 
crude oil., in the 
Fiiitcd States. ('From 
the "I’Mph in L^ull. 
Am. A s s o c . Pot.r. 
Gf.jolojrist 20, 15, 

(1936), ext c>ri< led fjv 
inean.s of fijriiros from 
Oil find Gas Jour- 
nal.) 



and less. To recover such residual portions of tlie oil, or at least much 
of it, flooding by water has given good results in Pennsylvania, but it 
must be added, poor results in Ohio.^ The ground formations must be 
favorable. Another means is the maintenance of reservoir pressure by 
returning gas or feeding in air under pressure to the formation. The 
actual mining of the residual sands has been envisaged. 

The oil fields in the United States are among the most important in 
the world. In many localities, oil derricks dot the landscape, as on the 
way from Pittsburgh to Wlieeling, W. Va.; in Los Angeles, there is an 
oil field within the greater city limits; further north, in the Ventura field, 
some of the derricks are built over the sea. The relative importance of 
the several producing States is best shown in Table 44. 

® A brief treatment of laws and regulations concerning crude oil production will be found, in 
Minerals Y earhook^ 674-5, C1936) ; Minerals Yearbook, 771-794, (1935). On conservation in general, 
read: '"Probable petroleum shortage in the United States and methods for its alleviation,” L, O, 
Snider and B. T. Brooks, Bull. Am, Ass. Betroleum Geologists, 20, 15 (1936). 

° See graph, on p. 31 Bull Am. Assoc. JPetro. Geologists 20, (1936). 
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Xabi.k 44 . — Proditclkm of Crude Oil in, the United Slates b// Slates, An'a}ir/crl in the 
Order of the 1036 Figures^ in IVioiisands of Barrels of 43 U. S. Oallonsl' 


1036 1935 1934 

Texas 424,396 391,592 378,233 

California 214,756 207,832 175 508 

Oklahoma 200,881 182,597 178,652 

Tjouisiana 80,807 50/287 32,478 

Kansas 57,084 53,364 45,754 

Kew Mexico 26,647 20,154 16!439 

Pennsylvania 17,041 15,899 14,572 

Wyoming; 14.269 13,238 12,489 

Michij^an 11,077 15,700 10,566 

Arkansas 10,697 11.139 11,359 

Montana 5,798 4,3(>7 3,509 

IventiKvkv 5,638 5,324 4,868 

Kew York 4,626 1,241 3.814 

Illinois 4,439 1,351 4.172 

Ohio 3,837 4,121 4.299 

West Viroiinia 3,811 3,959 4,133 

Colorado 1.612 1,556 1,130 

Indiana 792 767 816 

Tennessee 0 O 11 

Others 0 4 3 0 

Total 1,089,114 990,621 903.101 


* Tlic Oil and Gus Journal, Tulsa, Oklahoma, Jaii. 28, 1937, f>. <13. 

Valuable oil regions occur in llussia, in the Baku peninsula in the 
Caspian Sea, in Roumania, Galicia, Mexico, Venezuela, and the Dutch 
East Indies. The production for the several countries is given in Table 45. 

Transportation of Crude. In the hlnitcd States, inucli of the crude 
oil is refined in refineries situated near the wells, so that its transport is 
fairly easy, namely, by pumping. Crude oil is, however, also sent great 
distances without having to be hauled over the railway; if the freight 
bills had to be added to the cost of the oil, the petroleum products would 
be more expensive than they are. The crude oil travels through especially 
constructed pipe lines laid in the ground along a purchased right of way, 
in sections 75 miles long or longci*. The right of way is patroled for 
leaks and each section has storage tanks and a pumicing station. For 
Buffalo, the preceding station is Oloan, N. Y., wliere the oil enters a 
6-inch line under a pressure of 400 pounds. V^hen a ridge must be 
crossed the line is so constructed that one leg is downhill so that by its 
syphon effect it will help pull the oil up the hill. In this way crude oil 
from Oklahoma reaches Bayonne, N. J., and Marcus Hook, Pa., while 
Texas crude can be sent to Chicago (Whiting, 111.) or Buffalo, IST. Y. No 
pipe line crosses the Rocky Mountains. 

Formerly oil was burned as such for its fuel value, and to a small 
extent this is still done; but, by far the greater amount is refined, and 

The line is 69 miles loner- In spite of a reduction to 4 indies for the last lialf'-mile, a delivery 
of 7200 barrels for 24 hours was made in. July, 1926. 

A map of the oil pipe lines may be obtained from the OU and Gas Journal, Tulsa, Okla., for a 
nominal price- The same map on its other side shows the trunk natural gas lines. 
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only that portion which cannot be made to yield any of the more valuable 
products is burned under boilers (fuel oil, bunker oil). On distilling 
crude oil, there are obtained: gases, which are usually burned under 
boilers; gasoline, for internal combustion motors with spark firing; sol- 
vent naphtha; kerosene, gas oil, fuel oil, lubricating oil, paraffin w^ax 
(hard wax), petrolatum (soft wax), road tar, coke, and other products. 
A selected part of the fuel oil becomes Diesel oil. 


Xabt^k 45 . — ^Vorld Crude. OH Product iati for the Year 1930 ( Ef^Lirnated) 
in Eai-'reJ.s of 4^ Zh S. OallutLs^^' 


HTnited States 

U. S. S. R 

Venezuela 

Ron mania 

Iran 

Dutch. East Indies (inch Rritish Borneo) 

Mexico 

Iraq 

Colombia 

Peru 

Argentina 

Trinidad 

British India (Burma) 

Poland 

Bahrein Island 

German >' 

Japan . 

Equador 

Canada 

Egyp:)t 

Others 

Total 


1.089.014,000 

Per cent 
of total 

61.1 

193.000,000 

10.9 

153,315.000 

S.6 

66,100.000 

3.7 

62,850,000 

3.5 

51.800.000 

2.9 

40,300.000 

2.3 

30,600.000 

1.7 

18.756,000 

1.1 

17,320,000 

1.0 

14.950.000 

.84 

13.400.000 

.76 

9.600,000 

.54 

3,600.000 

2 

3,600,000 

,2 

3.300,000 

2 

2,400,000 

44 

1.900,000 

.1 

1.507,000 

.08 

1,155.000 

.07 

1,300,000 

.07 

1,779,767,000 



* The Oil and Guss Journal, Tulsa, Oklahoma. The 1936 production is a record, up to that year; 
the 1929 figure was 1,485,867,000 barrels. 


Classification of Crudes. An eminently satisfactory classification of 
crudes has been developed by the XJ. S. Bureau of Alines; the main features 
are given in Table 46. Class A comprises the paraffin base crude, which 
are wax-bearing; this crude contains mainly paraffinic hydrocarbons in 
all its fractions; its residue in the still becomes the much-sought after 
'"cylinder stock.’" Straight distilled gasolines from this crude would be 
paraffinic, and have ^"knocking” properties. ISTaphthene base oil, class G, 
contains mainly naphthenes, that is, cyclic compounds which are satu- 
rated, wdth sidechains both naphthenic and paraffinic. ISTaphthene base 
and intermediate naphthene base, class E, may contain much black 
brittle, almost infusible asphaltic material, although they often do not; 
when they do, they fit the old description of asphalt base oils. ISTaphthenes 
are hydrocarbons of the CnH^n series, rich in hydrogen, with ring forma- 
tion; they carry side chains (not shown below) wffiich may be naphthenic 



Table AQ —Classification in 7 Classes of Petroleum Crudes, According to their “Base;' iroin the Dkiillat ion- Analysis of 800 
Samples oj Crude from All Over the World [R. I. 3279, V. S. Bureau oj Mines, E. C. Lane and E. L. Gorton (1935); condenscd^. 




B 

C 


E 

F 



A 

Paraffin 

Intermediate 

D 

Intermediate 

Xaphthone 

G 


Parailin base 

intermediate 

Paraffin 

Intermediate 

Naphthene 

intermediate 

Xaphthene 


oil 

base oil 

base oil 

base oil 

base oil 

base oil 

base oil 


(wax-bearing) 

(wax -bearing) 

(wax-bearing) 

(v,ax-bcaring) 

(wax-bearing) 

(wax -bearing) 

(wax free) 

A.P.I. gravity 

49.7° 

39.2° 

29.5° 

39.6° 

15.3° 

29.5° 

24.0° 

Specific gravity 

.781 

.829 

.879 

.827 

.964 

.879 

.910 

Pour point 

below 5' F. 

below 5' F. 

40° F. 

below 5' F. 

40° F. 

below 5° F. 

below 5° F. 

Per cent sulfur 

0.1 

0.28 

0.32 

0.33 

3.84 

0.16 

0.14 

Saj'bolt Universal viscosity 100' F 

34 seconds 

41 

120 

39 

4000 

47 

55 

Colof 

green 

greenish -black 

greenish -black 

green 

brownish -bl ack 

greenish -black 

green 

Distillation 1st drop 

Distillates ; 

03' F. (34= C.) 

91' F. (33= C.) 

176' F. (SO' C.) 

S4' F. (29= C.) 

280' F. (138' C.) 

138' F. (59° C.) 

31.5° F. (157° C.' 

Gasoline and naphtha 

45.2''v- 

32.0 

.5.8 

38.6 

2.9 

21.3 

1.1 

Kerosene 

17. 

17 2 

nil 

4.9 

4.5 

nil 

nil 

Gas oil 

S.3'o 

10.6 

27.8 

17.3 

10.6 

34.6 

0.5.5 

Xonviscous lubricating 

o.Sf-;- 

10.9 

20.4 

9.4 

8.6 

10.4 

14.2 

Aledium lubricating 

S.-Wc 

5.2 

9.2 

6.3 

0 7 

7.0 

4.7 

Viscous lubricating 

nil 

nil 

nil 

nil 

1.020 

4.7 

ll.G 

Re.siduurn 

14.7^7 

23.5 

36.4 

22.1 

58.4 

21.4 

12.7 

Distillation loss 

.9^c 

.6 

.4 

1.4 

1.9 

0.6 

0.2 

Carbon residue of residuum 

l.lf^c 

6.2 

6.9 

7.3 

18.2 

8.7 

4.5 

Carbon residue of crude 


1.5 

2..5 

1.6 

10.6 

1.0 

0.6 


Key fraction No. 1. (^-50-276- C.J 4S2-o27’^ F.. 750 mm, -prcssiiirc. 

Per cent cut 6.5 7.1 

A.P.I. of cut 44.7“" 40.C 30.4 


5.S 

37.0 


5.1 

37.0 


10.1 19.6 

30.2 27.9 


Key fraction Xo. S, (S73-300~ C.) o27-o7r P., -\0 v\m, 'pressure. 

Per cent cut 4.4 .*>.7 

A. P. I. of cut 34.4= 29.3 

Viscosity at 100= F 11(1 sfeondr! 120 

Cloud test, in 90 90 


9.0 

3O.0 

120 

90 


4.9 

24.9 

l(..i 

hO 


.S.2 

19..J 

240 

70 


6.0 

24.0 

230 

90 


7.3 

16.0 

ovei' 400 
below 5 


If key fraction Xo. 1 reads 40.0' A.P.I. or lighter, the lower boiling 
fractions of the oil are paiaffinic; if it reads 33.0' A.P.I. or heavier, they 
are naphthenic; if its gravity lies between 33.0' and. 40.0' A.P.I., tlicy are 
intermediate. 


If tliC gravity of key fiaction Xo. 2 is 30.0' A.P.I, or lighter, the 
higher-boiling fractions ttf the oil are parnnhiic; if it is 20.0' A.P.I. or 
heavier, the frnctiorj.= are napJithenic; while if the gravitj” lie.s between 
20'^’ aiKl 30’ A.l’.I., tJie fract i(.>ns are intenjiediute. 
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or paraffinic. The paraffins are the straight chain, or branched chain 
hydrocarbons; iso-octanc, normal heptane, cetane, presented further on 


Cl-Io 

/'X 

HoC CPIo 

I I 

lIoC Cl To 

“ ^ \ X 

CIFo 

Piexahydro}.)enzeiio 
a nax:>htheno 


OU. CHo 

/ 'X. X \ 
lioCJ ClI CIT 

’ i I 

H.c cn cpio 

' / ' X X 

Cflo CII« 

O c t a h dr o n tL ID h t h a 1 e 1 1 e 
a na^Dhthene 


are examples. The nai^htheiies merge into oils rich in aromatics, that is, 
derivatives of benzene and higher members of the series CnHn? again with 
an endless assortment of side chains. 

The crudes differ also in the relative amounts of lower and higher- 
boiling constituents; some are so thick tfiat tliey barely pour; others are 
as fluid as kerosene. This is well brought out in Table 4G ; in fact, one 
of the })urposes in giving it is to answcu* precisely the c|uc*stion: how 
much gasoline does cruder oil contain? The amount \'aries, but definite^ 
ligures are now presented. An overall yield will be found elsewhere in 
the chapter. 

The greatest demand is for gasoline, and in order to increase the 
supioly of this material, the higher-boiling hydrocarbons are heated to 
an excessive temperature which causes their decomposition into more 
volatile, lower-boiling hydrocarbons, such as compose gasoline; the oper- 
ation is called ^‘cracking,'' namely, into smaller molecular fragments. 

Exact boiling points and densities cannot be given, but the following 
may serve as guides: 

Gasoline has u tloiisity ol' 55-GO Be., and boils at 100 — iOO"" F."'" <^37.S-204^ G.l 
Txerost'iio iias a d€‘iisit\' of 4:0-45'’ Be., and boils at 400-600'’ F. (504-315“ O.) 

Fuel oil varies greatly; it is sometimes 36-40'’ Be. 

BnV)ricat.ing oils have a density of 28° Be., for the lightest ongiiK^ oil, to very high 

densities. 

* 33e. scale liere is the scale for “iishter than Tvater, ” see apponcii.'c. 


The older refining units are crude oil stills which ser>arate the raw 
material into a crude gasoline fraction, a crude kerosene, an intermediate 
fraction, and a paraffin oil fraction; coke is left in the still, to be knocked 
out by hand. The operation is discontinuous, and cracking is done in 


Origin of samples in Table 46 : 

A. W^est Virginia, ITitchie Co., Tost Hun field O. Oklahoma, Seminole Co., Seminole field 
13. Oklahoma, Lincoln Co., Chandler field E. Wyoming, Park Co., hTorth Sunshine field 

C. Louisiana, Webster Parish, Cotton Valley P. Texas. Austin Co., Raccoon Bend fiehl 
field G. Texas, Refugio Co., Refugio field 


Each of these samples is typical of the class it represents. The seven classes listed in the table are : 


A: Paraffin base; distillates paraffinic througli- 
out 

B. Paraffin -intermediate base: light_ fractions 
paraffinic, heavy fractions intermediate 

C. Intermediate-paraffin base ; light fractions in- 
termediate, heavy fractions paraffinic 

r>. Intermediate base : distillates intermediate 


throughout 

E. Intermediate-naphthene base : light fractions 
intermediate, heavy fractions naphthenic 

F. Naphthene-intermediate base : light fractions 
naphthenic ; heavy fractions intermediate 

G. Naphthene base, distillates naphthenic 
throughout. 
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separate stills.^- The preferred method to-day is the continuous pipe 
furnace with fractionating tower. The new method makes full use of the 
fractionating tower for the sci:>aratioii of the various fractions, which are 
taken off at various levels. A few general considerations regarding such 
^'bubble towers/' as they are called in the oil trade, arc in order. 

The Bubble Tower. In a normal column, only one Avcll-fractionated 
cut can be made; it comes off overhead. The number of plates fixes the 
quality of the overhead product. Refluxing, that is returning to the col- 
umn of a portion of the condensed distillate, has tlie effect of reducino- 
the number of plates necessary for a given separation ; the greater the 
reflux ratio, the smaller the number of plates recpiired. The place to put 
back reflux is where the composition of the liquid on the ]:)late is the same 
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Figure 145. — The separation of a crude into the main products, in a batch 
distillation. The percentage figures arc b;i.scd on the (jrude, and refer 
to volumes. Stock C goes to a cracking still; 13 is re-run. The paraffin 
distillate is merely air cooled; the next worm for the naplitha and water 
white is water cooled. 


as that of the refluxed liquid. When a number of cuts are drawm, their 
fractionation is not complete, and must be supplemented by a small col- 
umn called the stripper, one for each cut, in %vhich the cut is freed from 
all more volatile constituents than its set standard. The ^^deck space’^ 
(distance between plates) should be sufficient to allow the vapor to dis- 
engage itself from the liquid; it varies from 10 to 24 inches. The number 
of plates varies from 5 to 25, but averages 11 to 15 in stills for one over- 
head cut. The vai^or velocity is held at maximum; it is too high if it 
forces the liquor off the plates; 2 lineal feet per second is average, 3.5 
is high. A bubble tower handling 5500 barrels of crude per day, in one 
instance, is 92 feet high, and 6 feet in diameter ; it is well lagged to pre- 
serve the heat. 

Of the crude oil stills, 56 per cent are pipe stills C1936) ; the rest are presumably shell-type 
stills with batch operation. 
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Each plate has a number of small chimneys for the rising vapors, 
covered with bells or caps so that the vapor must bubble through the 
liquid on the plate. A downcomer carries the liquid to the next lower 
plate, and is sealed by its liquid. Baffles are placed across the deck so 
that the liquid must take a long path before it reaches the next down- 
comer. The capacity of a bubble tower depends upon its diameter and 
height, its efficiency upon the number of plates, the construction of caps, 
deck space, reflux x^rocedure, velocity of vapors. 

A tower unit would be called efficient if the gasoline fraction had an 
endpoint of 400^ F. and the kerosene an initial boiling temperature of 
400° F. An overlax) of 25° F. would not be bad; an overlap of 50° F. 
would be poor efficiency. 



(From the Petroleum Grade Crude Oil Association.) 

Oil columns are operated at atmosx3hcric pressure, at higher x^ressure, 
and with vacuum; the oil is distilled dry, or with a supply of steam to 
assist. When higher pressures are tised, the temperature must be higher. 
The temperature at the base of the still must be such that the material 
is boiled. 

Continuous Distillation-Skimming Unit. The new method of w^ork- 
ing is well illustrated by the diagrammatic flow sheet in Figure 147 of a 
7000 barrels per day capacity unit of the Producers and BefiLners Cor- 
poration at Tulsa, Oklahoma, The crude oil picks up heat in the gaso- 
line vapor heat exchangers, then, after passing through a settler for 

1” "One man operates new 7000 barrel pipe still skimming unit,” Allen S. James, Natl. Petroleum 
Neuus, 21, 73, Nov. 27 (1929). 
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removal of any wiitcr, more licat in the crude oil lieat exchangers. At a 
temperature of 350° 1^., it now enters the tubes of the furnace, where six 
oil burners raise its lenipcratuj-e to above 700° but below cracking 
temperature, for tliis is a skimming; unit, that is, a plant for the separa- 
tion of the {[gasoline and other fractions just as they are in the crude. The 
mixture of hot oil and vapors enters the bubble tower, and fractionation 
takes place. The tower is 10 feet in diameter, and 100 feet high. Gaso- 
line vapors are taken off overhead, that is, at the top of the tower; a 
naphtha cut just below the top; next a kerosene c,ut; then a gas oil cut: 
while finally the residual oil forms the fuel oil cut at the bottom of the 
still. In conformance with the statements on fractionation, for so many 
cuts refluxing is necessary, and there is returned to the still a part of the 
gasoline, now cold, a part of the naphtha, and a part of tlie kerosene, both 
also cold. The effect of the return of such cooled liquids, to the point 



Figure 147. — ■‘.‘uet::;'. dc* flow sliect for a 7000 barrel Tulaa unit, showing tube 
still, bubble i.o'.vcr, I’oi.r aiixiliai’y plate towers used as strippers, with condensers, 
after coolers, three reflux p\iini)s, and heat exchangers. (Courtc'sy of iSTational 
Petroleum ISTcws.) 

in the still where material of similar composition is met by it, is essen- 
tially to retard the vaporization of the more volatile of the constituents. 
Each fraction is cleared of any admixed higher fraction in a small auxil- 
iary plate tower, which receives superheated steam. (See Fig, 147.) For 
the kerosene, for example, the stripper returns overhead to the still a 
mixture of gasoline, naphtha and water vapors. Condensed water in the 
bubble tower is let out at the points indicated. 
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The fuel consumption, exclusively of the steam, is 1.5 per cent of 
the throughput. This unit replaces a battery of seven shell stills of the 
older type. 

The chemical refining of the several products was done formerly by 
agitation with 66"^ Be. sulfuric acid (generally 3 pounds of acid to each 
barrel of oil.), follovv^ed by a water wash, then a dilute caustic soda wash. 


PiciX'RK 14S. — View of tho tube still, 
in the 7000 barrel unit at Tulsa. 
The l>ubble tower c-iii jxist be seen 
in tli(^ re^Li* of tho ijictnrf>. 


The amounts of sulfuric acid consumed are so great tliat methods for 
recovering it were developed; a plant for recovering the sulfuric acid 
from the “sludge acid'^ is part of many refineries. For sulfur-containing 
crudes the chemical treatment of the fractions includes an agitation with 
caustic soda saturated with litharge (PbO). Certain crudes recpiire a spe- 
cial treatment with metallic oxides such as the one de\dsed by ITerman 
Frasch,^^ 

There are now otlier methods t\)v i)urification, for the purpose is no 
longer to remove ail the unsaturated hydrocarbons, but only part of them. 
A gum-forming constituent may be recovered from the purification treat- 
ment and made the source of a valuable resin (Chapter 35) . A modeu’n 
method for T:>urification which saves the by-products without injuring 
them is the Edcleanu process, which emx^loys licpiid sulfur dioxide. For 
this treatment, liquid sulfur dioxide is introduced near the top of a tower 
completely filled with the liquids; the well-cooled distillate (gasoline, 
naphtha, kerosene, or a lube fraction) near the bottom, both in spray 
form. The droplets of the distillate must rise through the body of the 
liquid sulfur dioxide ; the droplets of the fresh solvent must sink through 
the layer of hydrocarbons. Two layers continue to form, the sulfur diox- 
ide being the lower one (sp. gr. 1.45 at 68"^ F.) ; the hydrocarbons form 
the upper one. There is continual removal of the liquids to make room 
for the incoming material. The asphaltenes, carbogens and sulfur-con- 
taining impurities dissolve in the sulfur dioxide, and flow out with it. 
In a separate vessel, the sulfur dioxide is vaporized, re-compressed and 
re-cycled; there is left behind the extract, which may have a commercial 
value. The upper layer dissolves a small amount of sulfur dioxide; in a 
separate still, this is driven off by gentle heat, and saved; there is left 
the refined product. 

Ind. Eng. Cherrt., 4 , 134 ( 1912 ). 
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Cylinder Stock and Wax Distillate. Many crudes give distillates in 
the following order: light naphtha, heavy naphtha, water-white, gag 
oil, fuel oil, then wax distillate, which Figure 145 does not show, but is 
indicated in Figure 147, and the residuum, in certain cases the most valu- 
able product. The Pennsylvania grade crudes, which are always class A 
leave a residue wdiich is so low in suspended carbon and free from asphal- 
tic impurities that it forms an article of commerce under the name of 
^'cylinder stock. ’’ It is refined in a vacuum column still with steam 

injection, giving a ^'pressable wax distillate"^ overhead, and '^600 steam 
refined” 1 that is, heated to 600° F. (315.5° C.) ] iis a bottom i)roduct, not 
volatilized; this latter is diluted with naphtlia, filtered, chilled, and its 
suspended soft wax separated in a centrifuge, giving petrolatum. The 
clear solution is passed through a still to drive ofi the naphtha, it mav 
be bleached by passing it through granular clay, and there results “'bright 
stock"" with viscosity for example of 145 seconds at 210° F. 

The wax distillate carries the hard wax. It is eliilled to 26° F. 
( — 3.3° C.) , and the susi^cnsion forccul under a prcvssure of 300 pounds 
into a filter j^ress set in a room wliich is kept cold. 44 le press may be, 
for example, 36 feet long, with 350 circular cast iron plat(\^, 5 ft^et in diam- 
eter. The filter cloth is cotton duck; the press has central feed. Once a 
day the press is opened and the wax removed; as it still contains 40 per 
cent oil, it is ^'sweated,” that is, warmed in sliallow pans with false bot- 
tom on which the wax rests, while the oil flows into collecting troughs. 
The wax left in the pans, now free from oil, is incdted iiiul run through 
bone char in cylinders 2 feet wide and 20 feet high, to remove the color 
The white wax is cast into blocks for shipment, or is made into candles. 
In addition, it is used in laundries, for waxed luipcrs ami drinking cups, 
and for a variety of household purposes. 

The oil filtrate from the wax press passes to a still, with steam injec- 
tion, to give a gas oil, a non-viscous neutral oil, and as residue, the vis- 
cous neutral. This latter is filtered throiigli granular clay, and becomes 
the finished viscous neutral, with viscosity of 180 at 100° F. 

Lubricating oils for the market are then produced by blending vis- 
cous neutral and bright stock in various p;rox>ortions. 

The value of cylinder stock is reflected in the price for Pennsylvania 
grade crude, which is double or even triple that for Oklahoma crude; 
thus, Pennsylvania grade in 1936 was $2.42 average; 1935, $2.17; 1933, 
$1.86; while Oklahoma crude was in the corresponding years $1.10; $1.00; 

Example of cylindor stock: 

Penn stock, viscosity 100-125 see. nt 210® F. 

1600 sec. at 100® F. 

Coastal stock, viscosity 125-130 sec. at 210® F. 

3060 sec. at 100® F. 

In early 1937, the quotations for cylinder stock in tank car lots ranged from 145 to 185 cents 
per gallon. 


IS® An interesting 29 -page pamphlet on "Candle manufacture, with special reference to tropical 
climates,” by Professor N. N. Godbole, has recently been published; it depicts the teaching of the 
making of candles in India, and the materials available, with their properties and costs. Benares 
Hindu University, Benares, India, 1935. 
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and $0.62 per barrel. This higher value is one reason also that it is worth 
while in Pennsylvania to flood the oil sand with water in order to recover 
the residual crude. 


The Dxjbbs Crackiixg Process 

Several proposals have been made for a system which would allow 
the simultaneous distilling of the crude and the cracking of its heavier 
hydrocarbons, in an apparatus which would permit a continuous, or rela- 
tively continuous, operation. In the Dubbs process (Fig. 149), the prc- 



PiGURE 149. — Scheme for simultaneous distilling and cracking of cn.ide oil 
(Dubbs iiatents). 1, heating coils; 2, vaporizing chamber; 3.. dephlegm- 
ator, cooling coil not shown; 4, condenser for gasoline; 5, line from 
receiver to storage tank; 6. high-boiling parts of vapors condensed and 
retui-ning to heating coils, joining fresh crude oil froin 7. The operation 
is continuous. The use of 3 for topping crudes is given in the text. 

heated crude oil (750^ F. or 399° C.) is circulated through 4-inch steel 
tubes heated indirectly in a furnace to 840° F. (449° C.) under a pres- 
sure of 350 pounds. On leaving the heating coil the superheated oil enters 
a vaporizing chamber where it separates into gases and vapors which pass 
through a dephlegmator to a condenser; a liquid consisting of heavy por- 
tions which form the residuum; and a solid, coke, which accumulates in 
the bottom of the chamber. The dephlegmator reduces the temperature 
of the vapors so that only the gasoline fraction passes it; heavier hydro- 
carbons are condensed and drop into a reflux leg from vrhich they are 
returned with fresh oil to the heating coils. The dephlegmator has a 
cooling coil in which the fresh oil circulates; by varying the quantity of 
cold oil sent in, the temperature is controlled; it is in this coil that the 
fresh oil is preheated. The action in the dephleamator is controlled fur- 
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thcr by tlie spraying; oi' oil ciircotly in It) the vapors; fresh oil is used 
and its temperature is raisctl sufficiently so that such i^asoline as it con- 
tains is vaporized and passes to the condenser with the. uncondensed 
vapors from the chamber. Such fresh oil which is made to give up it^ 
gasoline is called "hopi:>ed oil’’; the remainder of siitdi oil also drops in 
the reflux leg and from there is pumped tlirough the heating coils. 

The functioning of the system is conti*olled l>y tlie pressure under 
wliich it operates, and this is deterinincd by the j)osition of a needle valve 
the release valve, set at the. receiver for the condei^sed vaj^ors wliich leave 
tlie cold-water condenser. The liquid in the distillate receiver is treated 
with chemicals if necessary, to produce the purific'd gasoline. 

The Dubbs process ])rovi(les admii*ably for the liandling ot such 
crudes as contain no lul)i*ic‘ating oil fraction; for they a,i'c made to yield 
an increased amount of gasoline; tlie otlior ]'>rorhicls arc', fuel oil from the 
residuum, by merely cooling it., a.nd coke. ^bhe operation is limited as 
to continuity by the ca..pacity of the vaporizing c'.haniber for coke, and the 
amount of cokc> deposited will vary" witli the kind of crude used; bv 
building two chamliers, this limitation is removed. "^Jhiei’e remains in 
that case tlic fouling of the heating tubes by the coke which accumulates 
there; a period of 11 days is considered fairly good. Tn order to lengthen 
this period, the system must be fed not with (‘.rude oil, but with a fraction 
obtained in the course of a previous distillation in a bubble tower. This 
procedure has become the general practice, and the fraction is called 
cracking stock. In general, for every liarrel of gasoline, tlicre is formed 
a barrel of ^dicavy residue” {see under bunker oil). 

Other important proc‘.csses which (*rac‘k by heat and pressure arc 
the Cross, the Hohncs-Manley , and the hlllis. In the Oi’oss process, as 
in the Tubbs, the oil is jiassed tlirough a coil laid in a fiirna.ee, and then 
delivered into a horizontal vaporizing chaniber which receives no outside 
heat; the o]')Grating pressure is higlicr than in the Iliilibs, namely 600 
pounds. Tlie Cross process has been A-cry successfiiL Tn the Holmes- 
Manlcy, the oil is heated in stills 3 feet in diameter and 40-fcct high, 
provided Avith stirrers, at a pressure of 175 pounds. The Tllis is a tube 
and tank system.^'^ 


Tin^ Dk Fi.orkz PROc:nss 


FOR Crac3^in(; Cruuk Oil. l)iRK(rrr,Y 


As a rule, wlu'n ('.rude oil is fed directly into the tube still of a crack- 
ing unit, the latter ai'e fouled by^ coke; the vaj'iorizing cliainlier also col- 
lects coke. In the Florez i-iroccss,^'^ a way lias Iieen found to handle 

30 Chem. J\ro.i. 31, 1006 (1924) aiul XT. S. Putcnt.s 1.123,502, 1,231,509 1,135,506, 1.310,053. 

■''7 Ucscripliions snirl skotclio.s will bo foiirid in OJicul. iKTrt. J€nf/., 31, 812, 819, (1924). 

38 Tlicro ai’o 33 different proce.ssos for criickinp:. 57 instuHiitions litre "tho x^lnnt’s “Own," with 
520,0()0-barrc;l capneity per day; 55 arc iOnbbs with 387,400 barrels; 22 are Xiifie anti tank, with 
443,000 barrels; 41 are Cross, -with 200,600 barrels; 19 ITolmcs-iMiariley, with 186,500 barrels; 9 
r>e Florez, with 32,000 barrels; 10 IDonolly with 35,000 barrel.s capacity per day. TJiere were 8 
combination units^^ which skim the crude and at the same crack the heavier molecules, with a crude 
oil capacity of 95,000 barrels a clay. From “Fctrolcxim refineries including cracking plants in the 
United States on Jan. 1st, 1936," R.. O. Hopkins and 15- W. Cochrane, f/. S. JBureau of JMines, X. C. 
6906. 

3» “Control of gasoline and fuel oil quality in cokelcss cracking process," 3?aul Xruesdell, Natl. 
X^t2trolcu7n V'czw.s, 21, 69, part 2, M'ay 1, (1929). 



PETllOLEUM AND ITS PRODUCTS 


407 


crudes so that there will be no coke formation. The apparatus consists 
of the parts shown in Figure 150. including heat exchanger, bubble tower, 
reflux cooler, pumps, and a circular, vertical pipe still. In the standard 
set, the pipes are 42-feet tall, of special steel, and number 102. They arc 
set in two concentric circles, and so spaced that the rear ones receive 
radiations as fully as the front ones. The operation is as follows: 

The crude oil is preheated in the heat exchanger and injected into 
the bubble tower just above the inlet of the heated oil from the still. Its 
gasoline is distilled off ('skimmed), while the heavy ends pass out of the 
bottom of the tower, neither of these fractions having reached the heater 
at all. A gas oil stream is bled off at point A, and after passing through 
the accumulator J, enters the pipe still, whose tubes are eciuidistant from 
the flame in the center and heated by radiant heat only: the flame does 


Fkjurk 150. — Flow shec?t 
for the Dg Florez 
process for crackinjz; 
oil for gasoline with- 
out coke formation. 
A, gas oil line to 
storage tank J ; iv, 
pumi:> to circular fur- 
nace D. C . hot crude 
oil onliw to tower, d/, 
return of part of the 
gasoline. 



not impinge upon the tubes. The superheated oil enters the bubble tower, 
where its newly formed volatile constituents separate and later pass out 
at the top. Unchanged material gets back into the gas oil stream and 
is recirculated through the heater. Thus only clean stock reaches the 
tubes in the still. 

A portion of the charge in the tower is drawn off below point A and 
cooled, then fed back into the tower by a pump. The purpose is to con- 
trol the fractionation, chiefly by retarding the volatilization of naphtha. 

It should be noted that in this case the bubble tower functions both 
as expansion chamber and as fractionating column. 

The pressure at which the bubble tower is operated is the factor gov- 
erning the nature of the products. 'With the pressure in the tower 80 
pounds, at the still just before entering the furnace 330 pounds, and 
the temperature at that same point 1000° to 1100° F. (531° to 590° C.) , 
a Venezuela crude (4.5 to 8 per cent gasoline) gave as products: 30 per 
cent gasoline, 63 per cent fuel oil, and 7 per cent fixed gases. The gaso- 
line produced boiled between 100° and 384° F. (38° to 196° C.) . 

With lower pressure, for example 20 pounds, the gasoline yield is 
smaller, the fuel oil fraction greater. Increasing the temperature and 
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pressure on the but^ble tower raises the antiknock value of the gasoline 
but at the same time raises also the absolute quantity of fixed gas. ’ 
With a pressure of 100 pounds in the furnace the ibe Florez is a vapor 
phase cracking unit; witli 400 pounds, it is a liquid phase cracking svstem 
For the pririf i c ation of the cracked gasoline by any method the standard 
sulfuric acid process is used, or the Fdelcanu licpiid sulfur dioxide proc- 



F I Cl tan 150 a . — Curves 
showin*^,- 1h(i yearly 
ainouufs of straio-ht, 
(‘rackt'd, and natural 
jiasol iiK^ which, with 
]y r. XI z <) \ (not in- 
<‘l udod ") , make iii) the 
motor find fipiurc in 
( lu^ llnitiul States, 
busiMl on jiTaph in 
Oil (in<l t7r/.s Journal, 
(May 21, 1935), ex- 
(. ended. 


ess; other si)ecia.l i)rocesses such as the Halloran, in whi<di the gasoline 
is treated with much acid in 3 steps, at low temperatures (0° F. 
[. — 17.8^^ C-l), and the Fachman process, in which the hot hydrocarbon 
vapor meets a concentrated zinc chloride solution, liavo mot with success. 

Preceding the piuifi cation, it is customary to stabilize the cracked 
gasoline joroduced, which means in tliis case driving out its dissolved 
propane and butane gases by heat. 

In the McAfee process, 5 to 8 per cent anhydrous aluminum chloride 
is heated -with an absolutely dry oil fraction, at atmospheric pressure, 
with stirring. The temperature is 550° F. (288° C.), and the period 
48 hours. An excellent quality of gasoline is obtained, which requires 
only a wash with dilute alkali. The success of the jorocess dei:)ends upon 
a cheap enough supx)ly of aluminum chloride. For this purj^ose a re- 
markable process has been developed, in which bauxite and carbon 


Chein. JVIet. Eng., 42 , 414 ( 1935 ). 
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mixed are proj ected by a jet of chlorine containing oxygen and nitrogen 
into a chamber held at the proper temperature. Xhe chloride forms 
granules which drop out of the way of the incoming materials.-^ 

The average gasoline yield by cracking is at best 60 per cent on the 
cracking stock; b^’ combining hydrogenation with pressure cracking, 
the yield may be increased to 108 per cent. Tlie reduction of available 
crude will favor the adoption on the large scale of this combination 
process.-- 

The relative importance of straight run gasoline, cracked gasoline 
and other motor fuels is shown in Table 47: 


Tabi.e 47. — United States Production of Motor Fuel (in Barrels of U. S. Gallons) . 
Showing Gasoline ProdxLction hi/ Different M elhodsr^- 


Straight run gasoline 

Cracked gasoline 

!>7atural gasoline 

llenzol 

Total motor fuel, IT. S 


1936 

231.2S7 

239,620 

42,041 

2,537 

515 , 48 '^ 


thousands of 
1935 
219.5S3 
207.537 


1934 

206,337 

1S2.433 


39.333-- 36.556 

1.S71 1,70<S 

468.021 423 .SOI 


Riirt'ini of iSTinoj?. 

Of this total 3.223,000 barrels were expt>rtetl, while 2.833.000 hiirri*ls wert* lor-t : 30,280.000 hurrels 
were list'd at the reriiierii's, for I >lericiiii<i: ; tlie balaiiee was blemlt'd by tleaK.-rs tn- sold :i.s siu*li. 



Figvue 151. — A natural gasoline extraction plant; the wet gas passes through 
the 27 towers in succession, entering at number 1, leaving at number 2/. 
The fresh oil enters at 27, and travels toward 1. Monroe field, Louisiana. 
(From the ^National Geographic Magazine.) 

iSTatural gasoline is the liquid wdiich accompanies the 'Svet” natural 
gas in many regions; it is removed by passing the gas through a large 
number of straw oil towers, Aftei’ the oil is saturated, it is heated 

^ "Cheap aluminum chloride," A. 'Ml. IVTcAfee, Chem. iVfef. Eng., 36, 422 C1929), or XJ. S. 
Patent 1,867,672. 

““ Bull. Am. Ass. Petr. Geol., 20, 43 C1936)- 
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gently, the gnsolinc collected, and the oil, aftei* cooling, used over again 
Activated charcoal, silica gel, and activated alumina, as well as other 
absorbing agents, are also in successful use, replacing the- straw oil.-^ 

Petroleum Coke, Bunker Oil. In the old batch operation with shell 
stills, an accumulation of coke took i)laec gradually, so that every seventh 
day, the still had to be cleaned out by removing with picks and bars the 
coke which had formed. There is no counterpart to-day for the batch 
still where the coke might accumulate; it is not allow^cd to develop into 
deposits anywhere, but is sw'ept alcmg wdth the (u-udo tiirougli the pipe 
still, carried into the bubble tow^er, and disci largc'd willi the rcsiduTiin; 
tliis latter may carry asphaltic imittca* ])esi(I(‘s. Aiuc.li of such I'osiduum 
forms the fuel in the refinery. Soiiio ()f it is sold for fued for steam 
boilers, at perhaps 3 cents a gallon undcu* llie wiinw. bunker oil.-^ 

Another source of bunker oil is the hc'avy rc^siduc^ from tln^ crac'-kino- 
process, with perhaps a small addition of gas oil to make it more fluid. 

A process to '^‘^stabilize’^ bunker oil, so (hat it will noL dc^velo}) sediments 
in transit and in storage, is the (loodwdn process, whicdi (‘ousists of “chemi- 
cal and mechanical treatment of the residuum kauling t,o two materials of 
value, a stabilized fuel oil, mercdian table as .Bunker A, B, and C, and a high 
Btu. value residuum suitable as a refinery fuel or a bricpiett(^ binder.’’-” 

The demand for coke in the meantime has become, insisUmt; to meet it, 
some of the residuum is run into a liatch still and dist,illc^d to dryru'ss. A 
certain amount of fuel oil is collected, and tlui (‘.okci is allowed to deposit. 
It is later removed as in the old days, and sold for (> (o 7 (*en(s ti pound 
for making electrodes. Petroleum coke is asli-frca^. 


IIvuRor usTTTsr; : Tim IT.rGii Pimssimu GA'’r.'VTjV"ric,' 1 1 vnmxJUN.vnoNr of 

PlilTROnKXTM Fli.\CTI 


A recent development in j)etroleum refining is the hydrogenation of 
low-grade fractions, to produce high grade standard ]n.*oducts, or new 
products with siipcrior qualities. It is the rcsi.ilt of the combined effort 
of the German I.G. (Intcrcsse C-Jomcinschaft der Ifarbcinindustric) and 
the Standard Oil Com|)any of rSTcw Jersey. The ]>rocoss permits the 
jiroduction of a lu].)ricating oil loosscssing all the desirable iiropcrties for 
such an oil, a result never before attained. Another adai^tation is the 
conversion of heavy crudes and refinery residues into gasoline lo\v in 
sulfur, without the formation of coke. Still another is the transforma- 
tion of poor quality gas oils into hydrogenated gasolines with high anti- 
knock properties. While the present cracking methods allow' the up- 


—• "The reedvery of gasolnic from natural kQ-s," George A. T^urrc.'ll, Chcmiofil Catalog Co., Inc., 
N^. V., 1925. 


24 a'' WO samples of bunker oil . Sample 1 

A. !P. I. gravity 15.9 

Saybolt viscosity at 100® F. 207 

Flash. Copen cup) 225® F. 

A. S. T. jVI. Pour (max. for 115® F.) 50 

A. S. T- Pour Cm in. for 220® F.) -10 


Sample 2 
19.9 
155 

200® F. 

45 

-20 


TDr. T. H. Goodwin, JSTat. Pctrolau'tn Mews^ 21, C2) C^ny 15, 1929), 
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grading of a part of the stock charged, the remainder is degraded into 
tars and coke; with hydrogenation, however, it is feasible to upgrade all 
of the stock charged, and transform it into the more valuable, lower 
boiling distillates. 

The lubricating fraction to be treated, cither paraffin base, naph- 
thenic base, or mixed, is pumped under a pressure of 3500 pounds j^er 
sc^uare inch, with hydrogen gas under the same pressure, through a heat 
exchanger, then through gas-fired heating coils, at a temperature of 
800"^ T. (427° C.) to four reaction chambers, which contain the sulfur- 
resistant catalyst. The reaction chambers are 40 feet high, 3-inch internal 
diameter, forged from nickel steel, with wall 7 inches thick. The catalyst 
is molybdenum oxide deposited on alumina shaped into 1-inch cubes. 
In these chambers the molecule is rearranged into its most stable form 
(stabilization), combined with hydrogen, wliile at the same time the 
elements oxygen, nitrogen, and sulfur form their relative hydrides, leaving 
the oil molecule (x:>urification) . Another change is the production of a 
more homogeneous mixture of molecules than contained in the entering 
stock, by preferential rearrangements of tiic m(.)re complex molecules 
(homogenization). The reaction reciiiires but a very short time, and is 
exotliermic. 

The mixture c.)f oil and gases passes through tlie exchanger, and is 
cooled, reaching a separator where the gases pass off, still under a high 
pressure. The unused hydrogen may be recovered by scrubbing out 
(oil) the hydrogen sulfide and other hydrides, and returned to the enter- 
ing charge. The hydrogen sulfide may be recovered and by burning it 
with a limited supply of air, its sulfur recovered as such. 

The liquid from the separator is then fed to a fractionating column, 
and separated into gasoline, gas oils, and the residue. This latter is 
divided into several fractions (cuts), dewaxed, and subjected to minor 
treatments, when they arc ready for the market. ]Xo coke is forrncrl 
during the operation. 

Thc lubricant obtained lias the five qualities rccuiire<l in a perfect 
lubricating oil: (1) High viscosity index, (2) low pour point, (3) re- 
sistance to oxidation, (4) negligible carbon formation, ( 5 ) long life. 
To this may be compared the paraffin base lubricating oil, which pos- 
sesses qualities (1), (3), and (5), and naphthenic base lubricating oils, 
which possess (2) and (4). By pour point is meant the temperature 
just below which the oil is too thick to pour. 

Viscosity Index. To give the viscosity index of an oil is a way of 
evaluating it with respect to its viscosity-tenmerature behavior, and it is 
a way^ which has become universal. Any oil becomes less viscous as its 
temperature is raised. A high viscosity index means that this decrease is 
moderate, no more than should be expected. A low viscosity index means 
that an oil thins rapidly, so that at elevated temperatures it is like water, 
and of no value as a lubricant. The temperature index chart (Figure 152) 

“Viscosity variations of oils %vitli. temperature,’* E. W. 3Dean and. G- K. 3. Davis, Chem. 

T^nn.^ 36. 618 ('1929') ; “Aliejnnnent chart for estimation of viscosity index of oils,*' I. Laird 
Newell, Ind. Eng. Chem., 23, 843 (1931). 
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PiGtJRK 152. — Viscosity chart for estimating tlie viscosity index of a lubricating or 
other oil, based on the tables of Dean and Davis, Cham. Met. Eng., 36, 618 
(1929), corrected for the low viscosities. (Kindly suv>plied by Dr. E. W. Dean, 
Standard Oil Development Company.) In ordejr to use chart, find viscosity in 
Saybold seconds, at 100° F. (37.8° C.), then for* the same sample, at 210° F. 
(98.9° C.) ; lay a straight edge to connect the two points on the proper curves, 
and read the numeral under viscosity index. Thi.s chart is only slightly different 
from the one p. 43, Ind. Eng. Chem., 23, (1931) (I. Laird ISTewell). 
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is based on measurements on two series of oils,-" and on two mathematical 
expressions. 

Vapor Pliase Hydrogenation. The hydrogenation of a lubricating 
oil fraction is a liquid phase reaction. When gas oil is hydrogenated 
completely to give gasoline, the reaction takes place in the vapor phase. 
Hydrogenated gasoline has a high flash point, so that it is less suscep- 
tible to explosion than ordinary gasoline. This is “safety gasoline. ■' 
It is very sensitive to the addition of tetraethyl lead, so that a smaller 
percentage added will reduce knocking as much as five-fold in certain of 
the ordinary cra(*ked gasolines.-'^ 


Figuke 153- — A vacuum distil- 
lation tower, which roeoives 
Ihe iubricatin"; slock and 
sop£i.ratos it into .se\'eral 
"'cuts,” I'jreparatory to i^ro- 
pane and solvent refining ; 
with its throe stri])T)in^ ves- 
sels at its base. (I'nioii Oil 
Bulletin, Xov., 1934.) 



Solvent Purification of Lube Fractions. The purpose oi the several 
processes known as solvent purification processes has been the iDroduction 
of an acceptable or superior lubricating oil from an interior lube fraction. 
The process might involve the precipitation of the undesirable portion, 
or the extraction and removal of the desirable portions, or both. These 
X^rocesses have gained a well-merited, wide xiublicity. For illustration, 
the process employed in California will be sketched.-^ 

Certain western lubricating fractions contain several classes of hydro- 
carbons: Asphaltenes, high melting thermoplastic solids, low in hydrogen, 
high in carbon, very undesirable. Carbogens, a transition class from 

Series of oils H, moderate decrease in viscosity on. lieating ; series L, considerable decrease- 
's Further data will be found in “Hydrogenation of petroleum,” It. T. Haslain and R. P. 
Russell, Ind. Chem., 22, 1030 C1930). 

=0 Union Oil Bulletin, ISTovember, 1934, containing “Research behind Triton,” Ulrich B. Bray; 
and "From test tube to reality,” Earle W. Gard. 
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asphaltenes to visccnis oils, low in hydrogen, hio;h in cai-bon, undesirable 
uaplithciics, (‘vcdic coniponnds of the polyinethy leue series, more stable 
than the carbo^ens, b\it under severe eoiulitions, sliicbeio roriuing, undesir- 
able. Paratlienes, consisting- of naphtheno rin^s with parathn side chains 
the highest type lubricatiiig; oil liydrocarbons. Paranins, which resemble 
parathenes, but with tlie paraffin side chain predominating, so that at room 
tempcratxircs the higher members are sedids, called petrolatum if soft, 
waxes if hard. On comparing this list with tlu' table for thc' classification 
of crudes, it wall be seen that there is no conflict. 



Ficuun 154. — At t,ho far left, 
two propaiH^ storage drums; 
the i,hro(^ v(\s.s<^ls iii center 
ar(^ pa.r(i of l,he do-asphalt- 
ing plant; aJ, the rij^ht, the 
y>roi)an(^ and oil recovery 
coin inns. (LTniori Oil Bulle- 
tin, Nov., 1934.) 


A selection of wax-bearing, naphthenic crudc‘s is made, and distilled 
in the bubble toivei*, to give among othera a wax distillate fraction. This 
fraction is again distilled in a plate tower under a high vacuum, giving 
several cuts, which are then treated separately. The iigonts arc liquid 
propane, low teinp<^'i*^hures, liquid sulfur dioxide, or a licquid sulfur dioxide- 
benzene mixture (with 25 per cent benzene) . Sevca;al volumes of liquid 
propane (a reagent at tlic ready command of almost any refinery) are 
mixed with one volume of the hihricating oil fraction; the asphaltic 
fraction separates, and collects iis a lower layer, wdiile the i)ropane dis- 
solves the good oil, and the wax. 

The propane oil layer ['lasses to chilling vessels, wlicre by lowering the 
pressure, a i)a.rt of the propane volatilizes, thus reducing the tem- 
perature to — 40''^ T, ( — 40° O.) ; w^ax separates. The solution receives 
fresh liquid propane in order to maintain tlie original ratio. The chilled 
suspension is kept circulating to prevent the settling out of the wax, 
which is finally removed by filtration of the chilled material. The clear 
oil-propane passes to prox:)anc recovery towers, where the loropane is re- 
moved by distillation. The residual oil now passes to the solvent treating 
jolant where it meets a sulfur dioxide-benzene mixture which removes the 
carbogens and most of the naphthenes. Two layers form, with the sulfur 
dioxide solution of the carbogens and naphthenes the lower one. The 
parathenes, considered the highest type of hydrocarbons for lubricating 



24. PETROLEUM AND ITS PRODUCTS 


415 


purposes^ and the jjaraffins^ form the upper layer, which is passed through a 
still to remove the small amount of sulfur dioxide it contains, then bleached 
by means oi granular clay, and is then ready for the market. Such an 
oil is held to have all the qualities which a good lubricating oil should have, 
and no defects. In the course of the purification, about half the original 
fraction is rejected. 

In the IDuo-Sol process,*"^ two solvents operate in a series of 9 pressure 
vessels and travel in opposite directions. At 9, propane, one of the 
solvents, loaded with pai’affins and parathenes, leaves the system to deliver 
the purified lubricant; fresh cresylic acid (63 per cent cres^'lic acid with 
37 per cent innmary phenol) , the second solvent, enters at 9 and travels 
to 8, 7, until it reaches 1 where it leaves, laden with asidialtenes and 
carbogens. The fraction to be treated (thus a 23^ A. P. I. residual oil 
from an Oklahoma crude) emters at 3. Fresh propane enters at 1. Tlie 
liquids are moved from onc‘ division to the next by means of small, high 
speed centrifugal pumps. 

Still another ]^rocess employs ‘"Chlorex/^ /5-;S'-dichlorethvl ether. 
CIIoCLCIIo.O.CIIo.OHoCL^^ 

Antiknock Compounds. In order to prevent the familiar knock in an 
internal combustion motor such as in automobiles, and the loss of power 
which occurs simultaneously, a number of substances may be added to the 
fuel tvith success. The effectiveness per unit weight of these substances 
varies greatly. The best known antiknock compound is tetraethyl lead. 
Pb(C 2 H.“) 4 , a licpiid which is also the most efficient, for 0.04 per cent 
of tetraethyl lead will retard the detonation as much as does 25 i:)er cent 
of benzene. Tetraethyl lead is made by tVie action of ethyl chloride on 
a lead-sodium alloy of definite composition, in the presence of a small 
amount of ethylene bromide. 

The antiknock compound is a mixture of 3 parts by volume of tetra- 
ethyl lead, a liquid, with 2 parts ethylene bromide; this mixture is added 
to the gasoline, with a small amount of bromonai^hthaleiie, and a red 
dye (see Chapter 28) , and the treated gasoline is then retailed. The 
ethylene bromide is added in order to change the lead oxide formed 
during the combustion to the volatile lead bromide which passes out 
with the exhaust gases. The use of gasoline containing tetra.etiiyl lead 
allows the use of high-compression motors and thus increases the powder 
efficiency of the fuel. 

The general use of tetraethyl lead in gasoline w^as delayed because of 
the fear that it might prove poisonous, harmful to health; there is no 
reason for this fear.^^ 

There are many other substances which have antiknock properties, 
among others aromatic hydrocarbons such as benzene, and the unsat- 

Compare lubricating oils by solvent extraction,’^ J. V. Higbtower, CKein. 2*Iet. Eng.. 

42, 82 (1935^; and. “Xhe IDuo-Sol process,” ZVIax B. ^Miller, Ibid^ 285. 

“A review of tbe commercial applications of 'Chlorex,’ ” by W. IT. Bablke, A. B. Brown, 
F. F. Diwoky, OU and Gas J., 32, ISTos. 3, 60, 62, 72 (1933). 

31a, Irid. Eng. Chem., 14, 894 (1922). 

32 Public Health Bull. No. 148, W^asbington, n. C., 1925. 



410 


INDUSTKTJiL. CHEMISTRY 


iirated open chain compouncLs such as the olefins so that cracked gasoline 
has long since been accci-ited as superior to tlic straight-run gasoline from 
class A and B crudes. 

The methods of washing the distillate are being modified with the 
same end in view; the tendency is to do away with the strong sulfuric 
acid wash and to substitute dilute acids or a different process, as for 
example, the purification in the vapor jiliase by fullcir's carth/'^'^ The 
removal of the unsaturated hydrocarbons is lar-gely prevented by the 
newer methods of washing.'**^ 

Iron carbonyl is usc‘d to some extent in J^hirt)j)ci as an antiknock 
compound; it has not come into use in America, for it reciuires frequent 
cleaning of the spark plugs due to the t‘oi‘mation of ni<‘ignetic oxide in 
the gap. 

There is at the present time no satisfactory thc'ory for the action 
of an antiknock agent, such as tetraethyl lead. One of the most reason- 
able, but still unestablished, is that the lead conipoiiiid absorl>s certain 
heat radiations and thus prevents iiremature combustion. 

Octane ISTumber. The octane miniher is the rating of a gasoline as 
to its antiknock properties on the basis of a stiindai'd sain|)le consisting 
of “iso-octane'^ and normal lieptane mixed in various proportions. The 
older standard wuis a bcmzene addition. jSTorinal hc‘ptano tends to knock, 
while “iso-octane", which stands for 2-2-4:-triincd.hylpt‘ntanc, has marked 
antiknock tendencies, so that by mixing the two in all proi)ortions, a 
series of fuels are obtained which cover the whole scale of ]H)ssible gaso- 
line mixtures; such a series is exact, and i*ei>roducil)h^. It is used as 
primary standard; selected gasolines arc com[>ared to tlicm and then 
serve as working standards, because they’' arc clicapei*. A gasoline has 
octane number 70 if on compressing it in a standard engine, it begins to 
knock with the same eom])rossion ratio wliicdi causes a mixture of 70 
parts “iso-octanc" and 30 7v-hcptane, to develoi) ii knock in the 

same engine under the same conditions. 

The density and Ijoiling points of “'iso-cxd.ane" and 'n-lieptane are 
almost identical, an advantage for this imrposc, 

High Octane Fuel. In order to dcveloj> inaxirnum power from a 
given weight of hiel, a high com]')ression ratio nixist be used, and this in 
turn calls for a high, octane fuel. As a consequence, aviation has been 
interested in the i)roduction of a 100-octane product, which is pure iso- 
octane, and which is now loroduced on the semi-commercial scale. It is 
made by polymerizing iso-butylene, isolated from refinery gases, into 
di-isobutylene by the action of sulfuric acid, at 90“ C. (194° F.), and 
hydrogenating this unsaturated compound to iso-octane. There is in the 
laboratory stages a still higher octane fuel, the “iso-decane." 

The Grav process, XJ. S. Patent 1,340,889; described also in ChcTti. JSIvt. ISrig^, 31, 975 (1924), 
by T>. M. niddell. 

“.‘Refilling of gasoline and Icerosene by liypocliloritcs,'* X>unstuii and Prookes, liid. Eng. Chem., 
14, 1112 C1922). 

Cotn.'pavG article by Graham Edgar in “The TsTucleus,’* published by tlie Northeastern, Conn., 
and Rhode Island at^ctions, American Chemical Society, I’'ebruary, 1927, p. 17. 
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It has been shown also that adding iso-propyl ether to the regular 
gasoline permits the production of 100-octane products, and it is 
expected that this mixtu3*e will be welcomed many interests. 

Polymer Gasoline. The polymerization of olefin-bearing gases has 
as its main object the production of high octane motor fuel.'^~ An almost 
ideal charging stock is the gas formed in a vapor phase cracking T)rocess. 
The apparatus resembles the cracking plant. The gas enters a furnace 
pipe coil, to bring it to the reacting temperature, then passes into the 
reaction coil, somewhat cooler, in which the iiolymerization takes place. 
N'ext follows the “arrestor'’, a small vessel in which a stream of cold oil 
meets the vapors and chills them, in order to stop the action; otherwisc 
an undue amount of tars might be formed. The remainder of the process 
consists of separating the unchanged or newh’-produced gases from the 
liquids; the latter are redistilled, and the gasoline fraction stabilized. 
The temperature of the furnace coil is 900 to 1000° F. (482 to 538° C.), 
and the charging gas is compressed to 600 to 800 lbs. pressure (termed 
low-temperature — high-pressure polymerization). It is estimated that 
the 90 vai‘)or phase cracking plants in the United States produce 100 
million cubic feet of gas daily, from which there may be produced 2.730,000 
barrels of 78-octane gasoline per year, with much gas left over, and other 
products. 

It is estimated that the liquid phase cracking stills produce 1,000 
millions cubic feet of gas per day, from which there may be produced 30 
million barrels of 100-octane gasoline per year. In this case tlie heating 
and reaction coils should be at 1,150 to 1,300° F. (621 to 704° C.), and 
the pressure on the charging stock 50 to 75 lbs. per sc[. in.; this wc;uld be 
termed high-temperature — low-pressure polymerization. The gasoline pro- 
duced contains from 80 to 85 per cent aromatics, that is benzeme, toluene 
and the like. 

In the computation of prices, if the charging stock is given a value 
approximating that for heavy fuel oil, since it otherwise possesses only 
its heating value, polymer gasoline can be produced for 5 cents per gallon. 

As to natural gas, the washed gas from a natural gasoline absorption 
system for example, containing no unsatura.tcd hydrocarbons, would pass 
a pyrolysis coil in which unsaturated hydrocarbons fand hydrogen) would 
form, then a reaction coil, the arrestor, and the separation and condensation 
apparatus. The natural gas produced in 1933 was 1 ,555,474,000,000 cubic 
feet, from which there can be made 77,800,000 barrels of 104-octane gaso- 
line per year. The polymer gasoline from these various sources would 
be not far from 20 per cent of the 1936 regular gasoline production. From 
1000 cubic feet of gas there will be produced 2.4 to 4.4 gallons of high 
test gasoline; by passing the residual gas through a second or third time, 
some more gasoline will be obtained. It may be worth v^hile to indicate 
that the gas after the third pass will contain 40 per cent hydrogen, and 

30 The standard Oil Development Company, York. 

3T Taken in lartre part from “The thermal process for polymerizing olefin -bearing gases,” 
M. B. Cooke, H. It. Swanson, and C, It. Wagner, Petrol. Inst., Los Angeles rrveeting C1935)- 
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therefore it invites consideration as a source of hydrogen for svnthetic 
ammonia. 

There are several plants in operation at the present time (1937). 

Processes using solid catalysts have also been developed. In one of 
these, the ciitalyst is solid-phosphoric-acid, a.nd the gases arc heated to 
about 450'^ F. (232"^ C.) under a pressure of 200 Ibs.-"'^ 

Piitane is a gas at 26"^’ F. ( — 3.3'"^ Cl.) and at in()sphcM*i(t pressure; it has 
been produced in large quantities and ina.y be shipi)C'd li(iuefied by tank car 
by truck, and by pipe line from East Texas to tlic^ (iulf, a.nd from Texas 
to St. Eouis, INIo.; in 1935, its sales were estimated at 34,240,000 gallons 
for domestic gas and enrichment of artificial gas, and in large additional 
amounts for i^olymcrization. Five polymerization ]dants were expected 
to each use 1 million gallons of butane (lic|ueflcHr) pea- day in 193().'*'^ 


Tablii: 4S. — Cliargitia Slock jor Poly mcriz'nuj Phot Is, for I hr. P roducLion of 
II‘if/Ii. Uc.idiic Closnlincsl''^ (I}i. JMoh's l^trr CP' til ) 
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Cetane Rating- For llicsel oils, a system of rating analogous to the 
octane rating for gasoline has been established. Tlio host Ilicsel fuel 
is the straight-chain paraffin, normal cetane, Cb.(>Id;;.i ; the worst is oc-mothyl 
na.j)hthalcne, just the o]q)osite from tlio gasoline fueds. Alixturcs of these 
two substances ser\’^c as standai’ds, and the ceta.nc number is the percentage 
of cetane in a mixture with a-inethyl naphtlialene vvliicdi gives the same 
ignition performance (measured in direct ignition lag) ^LS the fuel tested. 
For heavy fuels, a cetane number of 30 gives a good ]>orformance, while 
for the lighter Diesel engines, a lighter fuel testing 40 to 60 cetane is 
chosen. Tlie best Diesel fuel comes from a gas oil cut from a class A or 
B criidc. 

Petroleum as a Raw Material for Alcoliols- The cracking of heavy 
hydrocarbons may be so directed that the unsaturated hydrocarbons of 
low molecular weight, such as ethylene, C 0 IT 4 , propylene, CsHe, and 
butylene, C 4 ITS, may be produced; these may be dissolved in sulfuric acid 

.-IS '‘Polymer gasoline/' Gustav Egloff, Irtd. JSng. Ch.cm.., 28, 1461 (.1936). 

30 OzZ atid Gas J., 34, ISTo, 34, (Jan. 0, 1936). 

*‘o Specification, for .IDicisel. oil will be found in the Appendix. 
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and the acid esters so formed may then be hydrolyzed, giving the corre- 
sponding ethyl, propyl, or butyl alcohols, as well as others. Both the 
gases and the sulfuric acid are cooled, and the absorjotion may be per- 
formed under pressure in a series of absorbers which allow at the same 
time a separation. The temperature may be — 20^ to 0^ C. ; a low tem- 
perature is sought because poK’inerization into larger molecules is thus 
prevented. The saturated sulfuric acid licmors are diluted 3 volumes of 
water, an undissolved upper layer removed, and the acid liquor heated 
in a lead-lined steel still; the alcohols distill over. Example: 

CH:, . CH : -1- H^SO. - ^ CH,: . CH(SO.II) . CH. 

ro pylenc este r 

CHti . dKSO.H) . CK[« -f- HsO — CHa . CII(0H:) . 

isopropyl alcohol 

It is interesting to note that the water molecule which enters the olefin 
distributes itself in such a way that the hydroxyl ion becomes attached 
to the carbon having the least hydrogen. As a result secondary and 
tertiary alcohols form, and no primary, except in the case of ethylene. 

Instead of hydrolyzing, chlorination may be performed and a dif- 
ferent series of products obtained, such as dichloroethylene. llegarding; 
the use of a pentane fraction, see Chapter 20. 
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Tabular view of processes for the liquefaction of coal by hydrogenation. 


Other Sources of AIotor Spirits 

When the supply of crude oil gives out, the chemical engineer will 
turn to one or more of the other sources of motor spirits w^hich have 
been developed in the recent past.^^ Motor benzene from the high tem- 
perature distillation of coal has been discussed in Chapter 14. The 
complete liciuefaction of coal by hydrogenation at rather low tempera- 

41. “Future trends in automotive fuels,” A. C. Fielclner and R. L. Rrown, Tnd. Eng. Oherrt., 18, 
1009 (1926). 
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tures and hi^li pi-eysure, the method of l:3oi\^*ins, will yield about 40 gal- 
lons of motor s})irits i^or ton, besides 50 g-allons of IJiesel oil, 35 gallom 
of fuel oil, and 10,000 cubic feet of gas. In this process the po\ydered 
(*oal is mixed with oil from a |>rGvious run to a thick paste and heated 
to 4.00'' C. (752^^ F.) in an atmosidierc of hydrogen under the pressure of 
150 atmosidicres. In the I. Cl. process, the coal is hydrogenated in the 
l)resencc of catalysts. 



PicXTuio 155. — A view of a iiiiit in tlio coal and tar li 3 ^<.lrt>“taia.tion. i)lanL at Hillingham- 
lilnglarid- At tin' left, 3 converl.ta-s in wliicli the pastc^-iii-oil receives 
byclvoa;cMi under pressure; in tlie c-.oiitca-, tlic^ prolioa.ttn- ; a gtLS-liquid sepa- 

rator. To the I'iglit, lieat oxcliangors. ddie brick wall bdiiiul tln^ unit is for the 
prot.c^ction of Uio I’ost of tlK-^ plant, in c.ixso, of CKy courtesy of the Imperial 

Ciicuiical Incliisl ]'ic\s, Pertilizca- aircl Syiith(d.ic l^i-odiicts, I.itd., !Bill inghain, Co. 
IDiirharn .) 

In England, the hydrogenation of bituminous coal, and of tar x>roducts 
from by-product coke ovens and coking retorts for city gas jdants, is an 
established process; it is exx.>ccted that there 'will be produced annually 30 
million imperial gallons of motor fuel frenn coal, and 15 million gallons 
more fi*om various tar jiroducts^-'* Since gasoline is 85 per cent carbon and 
15 per cent hydrogen, while coal has for each 85 juirts, only 5 parts 
hydrogen, it is hydrogen to the extent of 10 parts per 90 parts of coal 
which must be introduced. The process is a coal-in-oil which is 

pumped to the converter under pressure; the temperature is raised to 390° 
C. (734° F.) for half an hour, then to 450° C. (842° F.) for one hour. 

U. S. Patent 1,592^772, to Friedrich Sergius. 

“Coal hydrogenation at Billingham/' Ohem. Eng,^ 42, 658 (1935), witli 7 illustrations 

and 2 flow -sheets. 
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The product is separated into a heav^^ oil portion, which is hydrogenated 
further, the motor fuel fraction, and unreacted coal (5 per cent) . 

A synthetic motor fuel is methanol, made catalytically from carbon 
monoxide or dioxide with hydrogen. By changing the catalyst, the same 
raw materials yield a mixture of higher-boiling liquids which would be 
suitable for motor spirits; it is called Synthol. 

Industrial alcohol has been discussed in Chapter 20, and is suitable 
if mixed w'ith petroleum distillates and blending agents. Alcohol alone 
may be used, but a special carburator is required. Alcohol with 33 per 
cent sulfuric ether, however, is suitable for the regular gasoline car- 
burator, after recoating its float with an alcohol- and ether-resisting skin. 
Such a motor fuel has become of importance in the warm countries, 
where molasses is available at a low price. Tlie alcohcjl is changed 
i:>artly into ether, as explained in Chapter 30, and plants witli continuous 
operation and a capacity of 3000 gallons daily are in OT:)eration. A 
small amount of a basic denaturant such as pyridine is part of the for- 
mula. The '^alcoleter’^ of Cuba is such a motor spirits. 

Oil shales are still another possible source.^^ 

hUBRICAXTS 

The i:)rcsent-day lubricating oils arc mainly the mineral oils refiner; 
as described under paraffin distillate. Blends of mineral and fatty oils, 
vegetable or. animal, arc used to a considerable extent, particularly in 
ciitting oils in the machine shop. Soluble cutting oils are emulsified 
with water and cool as well as lubricate; they contain sulfonated oil 
with mineral oil. Formerly castor, lard, coconut, olive, and many other 
oils were used without additions; several fatty oils are still in great 
demand for blended lubricating oils, rape oil for example. 

The thickest oil obtained from the paraffin fraction may serve for 
steam cylinder oil, but it usually is blended with fatty oils for such 
service. Lubricating agents of still higher viscosity are the greases, a 
calcium or sodium soap jelly emulsified with much mineral oil, and 
usually containing a little water. Graphite by itself and mixed with 
greases is a lubricator; an outline for the preparation of such a mixture 
w'ill serve for that of greases in general, although only one grease in a 
hundred contains graphite. 

Tallow is pumped (melted by steam lines) into a kettle 10 feet high 
and 6 feet wide, fitted wdth slowly rotating, scraping agitators; the kettle 
is steam jacketed and of cast iron. A high-grade hydrated lime is added 
in amount sufficient to form the calcium salt of the fatty acids in the 
tallow; the glycerin formed at the same time is not removed. When 
the soap has formed, warm mineral oil in which the graphite has previ- 
ously been suspended is poured in and the Tvhole mass well mixed; w^hile 
warm it is comparatively fluid. It is run off from the bottom of the 

"Shale oil,” 1 d>' R. H. IVIcKee, Xew York, Chemical Catalog Co., Inc., 1925- 

Chapter 32. 
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kettle to bi'irrcLs and cans on a lower floor. The content of calcium 
soap varies from 10 to 25 per cent, of graphite 2 to 5 [)er cent (occa- 
sionally mo]*e up to 25 i')er cent) , of water 1 to 3 per cent, and the bal- 
ance mineral oil. The grade of oil used would pass tlirough the Saybolt 
viscosimeter in 150 seconds at 100 *^ K. or 37 . 80 "^ Cl. (60 cc.) j this 
would be an average. The variation, to suit various demands, is from 
100 to 200 seconds. A sodium .icily base is prc'fcrrcd wlicn heat 

from the outside nuiy reach the lubricated parts. 

Wagon axle grease and railroad curve grease are made by tlie cold 
reaction of rosin oil and hydrated lime previously susix^nded in min- 
eral oil. The hard locomotive eux^ grease, whicli must be turned down 
with a wrench, is made by mixing tallow and oil and imuring in a con- 
centrated solution of caustic soda. The reaction takers jdacc in the cold;^'^ 
the mass sets into a solid. 

Taiu.k 49. — Pcrccti I a(7C. Yields nf Rr/luf'd Pradi/tds, <U> }n pit i <'d on Viital 

(I rude' Riffi la El ills A 


Grtsolinc'*'"-' 

1924 
31.2 

193 1 

43.1 

1935 

44.2 

Ivorosonn 

9.3 

().0 

5.cS 

Gas oil (iistillate fuel oil. . . . 

1 10.S 

!().(> 

10.4 

Posichial fuel oil 

2(5 .S 

2(5.4 

laibric'anhs 

4 .3 

2.9 

2.0 

Wax 

3 

.2 

2 

Coke 

6 

.7 

’.S 

Asp hall; 

2 .2 

1 .7 

l.S 

Road oil 

n r 

.7 

.7 

Still gas 

n.r. 

5.0 

5.2 

Other finished products , . . . 

1.3 

.2 

.2 

Shor(,a? 2 ;e 

3.0 

L.S 

1.3 


Hureiiii of iM inos. 

Rased on total jiasolirie pr<«liice<l loss natural 
-x-K- s t'ororcl. 


A distinction can be imidc between band lubricat.ion, cuy) lu}>ri cation 
and bath lubrication; the automobile motor has circulatihg l^ath lubrica- 
tion. Lubricants are used to form a film ('m a, I’otating metal (shaft) 
wdiieh in turn rests on the stationary bca.ring; the shaft is really carried 
by the film. Tlie film must not break; it must have litnly enough not 
to be squeezed out by the load; it must have these properties at the 
temperature at whicli it Avorks. In general the viscosity is a measure of 
tlie lubricating power. 

Paraffin-base hibricating oils arc improved by mixing with them 1 per 
cent of Paraflow.-'*^ 

The jiroduction of rofino<l x'letroleum products is given in Table 50. 

4» “Standai'd methods of chemical anaU-'ses,” W. W. Scott, TsTcw York, n. Van Nostrand Co., 1925. 

Chapter 31. 

Sr.e ‘"Ijubricating greases,*’ by E, N. Klemgard, New York, Clicinical Catalog Co., Inc., new 
edition, 1937. 

For theory of lubrication, se.e *"Xhe technioal examination of crude pe.trolcum, petrolwm 
products, and natural gas,” "W. A. Ilamor and F. W. Fadgett, Now York, IVIcGraw-ECill Book Co., 
1920, p. 119. 

CO XJ. S. Patent 1,815,022, or 2nd. Eng. Chem., 23, 1452 (1931>. 
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Tabli:] 50. — Production, (U. S.) of Lite i^Iajor Refined Products from Crude Oil, in 
thousands of Barrels of 4- GaRons, Except for TPaXj ^Vhich is Given in 

Thousands of Pound sX 


1924 1934 1035 1036 

Motor fuol 215,529 423,801 465,514 515,485 

Ivero-scnc 60,026 53.855 55.S13 56.082 

CJas oil, fuel oil 320,476 335.353 355.125 411.33S 

lAibi-icants 27,498 26.373 27,771 30.905 

Wax 516.491 468.720 450.240 472.920 


Bnrfvju of ZMines. 

The following prices arc from miscellaneous sources but will serve 
as guides in estimating the relative money value of petroleum products ; 
Crude oil, Oklahoma 34° A.P.I., $1.20 a barrel, end of 1935; lubricating 
oil, end of 1935, 17 cents a gallon; bunker oil, end of 1935, 95 cents n bar- 
rel ; kerosene, almost 8 cents a gallon; natural gas gasoline, at'orage pvieo 
over the year of 1935, 3.34 cents a gallon. rStandard gasoline in July. 
1937, was cpioted at 9,5 to 10 cents per gallon, in tank cars, at the refin- 
ery. All these prices are for bulk, on contract. 

Tests for Petroleum Oils. Special tests are used for oils. Gasolines 
are tested for their l)oiling range to the very last drop (.the fina.i temperature 
is called tlie dry point), and for their octane number. Gasoline and 
kerosene are l.:>oth tested for specific gravity, color, (darity. Any oil to 
be used as fuel oil is tested among other ways for its heat value, in a 
calorimeter. Diesel oils are tested for the cetane number, in addition 
to the usual oil tests. Lubricating oils are tested for tlieir viscosity 
especially; in the Saybolt viscosimeter, the time required for a definite 
volume at a certain temperature to ]')ass through a standard orifice is 
recoi'ded. Viscosities foi- two different tcniperiiture< lead to the viscosity 
index. The flash point is the lowest temperature at which an oil vapor 
with the surrounding air forms a mixture whicli fla.shes when a sniail 
pilot light is applied; the flash test is performed for kerosene and lubri- 
cating oils esi~)ecially . There are many other tests which will be found 
described in the chemical handbooks and in textbooks on analytical 
chemistry. 

OZOEIKRITE 

Ozokerite is a mineral wax whicli occurs in Utah, Colorado, and in 
Galicia; it is of petroleum origin. It may be purified hy melting, decanting 
from insoluble matter and decolorizing by running the liquid through 
charcoal. Another method is to extract the wax by benzene. The liardest 
wax is made from it by a German process. The crude wax is melted and 
kept warm 4 hours till anhydrous; at 120° C. 20 per cent of fuming sulfuric 
acid is added, gradually, and the heating continued till all the fumes 
have passed over. The liquid wax forms an upper layer over the impurities 
which gradually become granular and settle; the liquid is decanted, freed 
from acid by stirring in charred blood, decolorized by animal charcoal or 
silica, and filtered. The color is then yellowq instead of the original black. 
If white wax is sought, the process is repeated. The product is ceresin. 
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which scrx'Ctf as a substitute for beeswax. It is hip;hly prized for making 
candles, and serves the clieniical trade for small containers for hydrofluoric 
acid. 

In still another ])rocc'ss, the (a-iide wax is distilled wdth superheated 
steam, yielding; a white wax meltin.<>' at 140° F. (60° Ch), light oil, and 
a semi-sc>lid wax nsed in the perfumery industry. The residue in the 
still is black; mixed with raw rubber, and viihainized, there is formed 
okonite, a flexible, tough, water-proof insulator. 


AspiiAT/r 

Asphalts arc solid native bitumens (that is, hydrocaii‘bons) which 
melt on heating to the temperature of boiling* watcu*, or near it. Trinidad 
T.ake asphalt is a solid bitumen found natiiradly mix(ul with silica and 
clay; it occurs in jnst that form only on the island of Trinidad. Other 
jfisphalts are found impregnating amorphous limestone, crystalline lime- 
stone, or shales, in Europe (Sicily and othei* lo(udities) , in Oklahoma, 
Utah, and California. The asphalts are used for ]')a:ving (cements, and 
for this purpose are frequently softened by the addition of residues from 
the distillation of various crude oils. 

( )"r 1 1 Kn 1 ^ N ^'s 

U. S. Patent 1,848,054, dewaxing i)olrolouui fra.etioiis by filtorjng; under differen- 
tial pressure; 1,800,887, hrc'aking petroleum emulsions; 1,814,042, eontinuoiis trans- 
formation. of petroleum hydrocarbons into gasoline and (U)ke-Iikc comY)lcxes, with- 
out the formation of fuel oil; 1,848,681, antiknock ga.so]ine, by cracking oils at high 
temperatures; 1,838,449 and 1,768,521, absorption of gn.solino from natural gas, by 
oil scrubbing; 2,074,338, a lubricant comprising in comhina4ion a mineral oil and a 
halogcnatcd liighei* fatty acid of the aliphatic series; 1,037,750, on (ho art of refin- 
ing; Canadian Patent 339,404, wax separation from oil; 339,405, hydrocarbon oil 
stabilization; IT. S. Patent 2,032,666, stiabiliza.tion of light hydroccarhon oil and par- 
ticularly iiressurc distillate; 2,032,662, desulfurizing gasoline; 2,032,680, process of 
varying the bitumen content of rock asphalt; 2,038,599, 2,039,259, carrying out cata- 
lytic reactions, to IVI. Pier and P. Jacob; 1,94(3,108, production of catalysts; 2,068,979, 
method of preventing corrosion in oil stills, by adding an oil soluble naphthenate ; 
1,955,272, on the recovery of .aluminum chloride fi'om the residue of aluminum 
chloride roflnin.cr: 1,955,260, to produce “synthctiic hibricaling oils” from paraffin 
wax, crackincr. rli-.n polymerizing wi(h catalysts, followed by an aluminum chloride 
treatment; 2,069,170, refining mineral lubricating oil by proY)iinc vipjors; 2,069,173, 
refining hydrocarbon gases, with liquid SOo, soY')ar;iting un.sa.tu rated from saturated; 
Pritish Patent 442,429, use of an electrical field to coagulate separated asphalt from 
fhe oil; TJ. S. Patent 2,038,798, furhira.1 as cxti*acting solvent; 2,027,346, propylene 
dichlorido and ethylene glycol ethyl oihor as solvent for the oil and not the wax; 
2,028,361, phenol, aniline, and other selective solvents; 2,040,239, on liquefied pro- 
pane as precipitant of the asphlatic impurities; other Y:>a, tents on the use of certain 
solvents for the purification of lube stock are 2,054,433, 2,055,428, 2.049,277, 2,047,826, 
2,041,885, 2,043,389; also Canadian Patent 343,452. 


PROBnFOVlS 

1. A storage tank for gasoline, with closed lop equipped with a patent breathing 
valve, is GO-feet circular in diameter and 40 feet in height. It is designed for gaso- 
line testing 55° A.P.I. at 60° F./60° F. How many gallons will it hold? How 
many gallons per inch of height? A table of A.P.I. dt^igrees and corresponding 
specific gravity will be found in the appendix. 

2. In a “bulk plant,” there is a storage tank 35-feet high, 25 feet in circular 
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diameter, for the storage of kerosene of 40*^ A.P.I. at 60° F./60° F. Sow many 
gallons will it hold, and how many gallons for an inch of height? 

3- In the same '‘bulk plant,” another cylindrical tank is 25 feet in diameter 
and 30 feet in height. It holds a fuel oil testing 36° A.P.I. at 60° F./60° F. 'What 
is the capacity'' of the tank for this oil, and how many gallons per inch will it hold? 

4. A pipe line delivers 5500 baia^els of oil to a refinery in one day. at a regular 
rate ov^er the 24-hours. The line is an S-inch line. The oil is stored in 3 receiving 
tanks which are circular in cross-section, and 12-feet high. What size will the tanks 
have to be to hold one day’s delivery. ^Vhat is the velocity of the oil in the pipe, 
in feet per second? (Velocity X area — discharge.) 

5. From the table of “Percentage yield of refined products” in the text, which 
represent weight relations, take the figures for each year and tiibiilate how much 
product by w’oight you would have produced every day from a daily crude input 
of 7800 gallons. For the gasoline, kerosene, and fuel oil items, compute the volume, 
taking the A.P.I. densities as given in problems 1, 2, and 3. 


Rkadixo Refkrkxces 

A complete survey of the field of petroleum refining will be found in Ihe 
National Pe.Lroleu'm Nezos. A s€a*ies of 25 articles, each 2 to 3 y>:Lgt-s long. b\' ^Ir. 
Geoi-ge A. Burrell, of Pittsburgh, was puljlishod oven* the x>eriod of ZN'oveiiiber, 1929. 
to May, 1930, under the title “Modern refining, .sttience uiid ]jrac*t itre.” 

“The recovery of gasoline from natural gas,” Oeorgt.* A. Btirrt*!!, ZNTew York, 
Chemical Catalog Co., Inc., 1925. 

“^Tatural gasoline in California,” O. Ross RciV>ertson. Tml. Eng. //o. 22, 12(18 

(1930), the gasoline absorption plant at Ivottleinan Ililis. 

“The chemical control of gaseous detonation with jjarl icular reft^rt^rice to the 
internal-cornbtistion engine,” T. E. Alidgley, Jr., an<l T. A. Bovd. hid. Eng. CJu tn., 
14, 894 (1922). 

“The refining 7 ;>rocoss with liquid sulfur dioxide,” Er. B. Edcleanii. J. I/i.-t. 
Pet7'ole^l?7^ Tech, {London.') , 18, 900 (1932). 

“The Edeleanu process for refining i>etroloiim,” R. T.. Brandt, I nd . Eng. CJu in.. 
22, 218 (1930). 

“Applications of hydrogenation in oil refining,” !M. W. I^oyer, Trait^s. A^n. I uf^.f 
Chem. Eng.j 25, 1 (1930). 

“Catalysis, hiah pressure hydrogenation,” Per Iv. Frolich, LlJ. Eng. Ohc/n., 23, 
1366 (1931). 

“Recent progress in h \(1 ronona; ion of petroleum,” P. J. Bvrne, Jr., E. J. Gohr, 
and R. T. Haslam, Ind. Eng. Chrrn.. 24, 1129 (1932). 

“Hydrogenation in practice and theory and the manufacture of hydrogen,” E. F. 
Armstrong, Trans. Inst. Chem. Eng. {London) . 9, 139-157 (1931). 

“Refrigerating requirements for oil refining,” Harris Pruitt, Re frig. Eng., 21, 341 
May (1931). 

“Improved paraffin-base lubricating oils,” G. H. B. Davis and A. J. Blackwood, 
Ind. Eng. Chem., 23, 1452 (1932), describes the use of Paraflow to irni^rove lubri- 
cating oils. 

“Design of fractionating columns, with particular reference to petroleum distilla- 
tion,” R. B. Chillas and H. M. Weir, Ind. Eng. Chem., 22, 206 (1930). 

“Studies in fractional distillation of crude petroleum,” M. B. Cooke and H. P. 
Rue, Enr. Mines, Tech. Pa'per Ho. 431, 1928-^ 

“Chemistry and technology of petroleum,” A. iST. Sachanen and M. D. Xilicheyev, 
translated by A. A. Boehtlingk, et al., Hew York, Chemical Catalog Co., Inc,, 1932. 

“Chemical Refining of Petroleum,” V. Kalichevsky and B. A. Stagner, ZSTev/ 
York, Chemical Catalog Co., Inc. 1933. 

“Scientific Problems of Petroleum Technology,” L. Gurwitsch, translated by 
H. Moore, London, Chapman & Hall, Ltd., Hew York, D. Van Hostrand Co., 1932. 

“American Petroleum Refining,” H. S. Bell, London, Constable & Co., Ltd., 
Hew^ York, D. Van Hostrand Co., 1930. 

“Asphalt and allied substances,” H. Abraham, Hew Y^ork, D. Van Hostrand Co., 
1929. 

^^A study of some seismometers,” G. A. Irland, TJ. S. Pur. Mines TecTin. Paper, 
556 ( 1934 ). 
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‘■'PetL-oleaiii production and «ui)pl 3 \i’ ii cuiiuniLi.ec' ro|.)ort,, Bull. Amcr, 
Rctrolcu'iu GcologisLSj 20, 1 (19o(>)- * 

“Probable petrolciuiii shorlagc; in tiio United States and inclliods for its allevia- 
lioni^ L. C. Snider and B. T. lirooks. Bull. /bs.see. Pet rolcuin GcoloaiRt^ 9 n 

15 (1936). 

“Outstanding foa, lures of yotroleum dcvelopnient in Anun’iea/’ David Whitp 
Bull Am. yl.s'soc. Peirol. Gcolo(jii^it<, 19, 409-502 (1935). 

‘‘Crude reserves shown b\^ iields/^ Oil aud Gas J ., 30 (flannary 2SLh, 1937). 

“The intcrpretaliori oT cviuU^ oil analyses,^* IN. A. Ck Siuilh, U . S. Bur. Mines R. / 
2806 (1927), in which the rules for judging the l\'pe ol’ enuh^ fi-oin ilui gravil^^ and 
boiling point of key fractions are developed. 

“‘Base' of a crude oil,” K. G. Lane and hk L. (lari on, (>’. *S. Bur. iUba-.s R J 
3279 (1935). 

“U. S. govonunent niastc^r si)(‘citi(*a.lions for lul )rican i.s and licpiid fiads/’ [/. S 
Bur. Mines Tech. Paper 323B (1927). 

“The sigiiifu*anc(‘ of Icists of iK'trolc'uiii pi‘odu(*ts,” A.S/I'.M., 2()0 Ikist Broad 
slrecit, PhilacUdphia, Pa. (1934). 

“National standard petr{jl(’uin cjil table's,” Nil. Bur. St (uidards Girr. (MU), (Alareli 
4, 1936). 

“Operating a continuous plant for rcdiiiing disl ilia I ('s,” J. Ck Morrtdl and D. J. 
Bergruann, Cliem. Mel. B)uj., 35, 350 (192S). 

“Composition of a Yates Gasoline,” C. (.). d’onglxu'g, Al. It. l'\‘nsk<\ and J. E. 
Nickels, huL Eng. Clieui., 29, 70 (1937). 

“The examination of hydrocarbon oils and of sa.poniliabh^ l*a,|.s and waxes,” D. 
Holdo, translated from the Ckaanaii by Kdward AliudUa-, N(wv \'()rk, John Wiley 
and Sons, 1922. 

“The use of liqnid pr()|)an(i in dcavaxing, dtaispha II ing and relining heavy oils,’’ 
Robert E. Wilson, P. C. Kc'ith, Jr. and R. E. llayk'tl., 7\'7//es'. A//u‘r. Inst. Chon. Eng., 
32, 364 (1936), or Ind. Eng. Chern., :28, 10()5 (1936). 

“Solvent extraction process(\s,” R. E. rit'rsh. Pel roleu tn A'eirs. 30 (Nov. 4, 1930). 

“Products of polyineviz:ation, b('iizen(\ toliu'm' and x\d('n(' arc^ producG^d by 
tlinrnial polyniorizaiion in addition to motor liud,” Ck AL Ritlg('\va\\ C. R. Wagner 
and Id. R. Swanson, Petruleuun News, 47 (Nov. 4, 193>(>). 

“IIvdroaT‘n:i I ion of American coals,” W. L. B('usc*lil('in a.nd C. Ck Wright, Ind. 
Eng. Chert., 24, JOIO (1932). 

“HyTlrogcnai ion tests on Cana<lia.n (roal,” T. hi. WarriMi and R.. E. Gilmore, 
Tnd. Eng. Cham., 29, 353 (1937). 

“Hyclrogcnatioii of coal,” AV. Idris Jones, J. Sor^ Cluun. Ind., 53, 321 (1934). 

“Coal hvdi'ogenatifni, a coniparison of ctoal and oil,” Al. Pi('r, Ind. E)ig. Chem.. 
29, 140 (1937). 

“The future of high-tomperaturo carbonisation,” L. H. S<‘usi(*l{', J. Soc. Chem. Ind., 
46, IT to 16T (1927), with a section “Tlio Ben-gius ]»roc.ess,” p. iTIk 

“Hydrogenation,” F. S. Sinnatt, J. C. King, and Angus Ma(*Farlane, Ind. Eng. 
Chem., 29, 133 (1937). 

“Thoi jnochanism of formation of mcdliano and of c‘.o]id('nsa,tion pi*oduci.s by the 
])yro]vsis of ethane, el.hvlene, etc..” Alorris W. 'PraAnn’s and dk J. P. Poar(‘.e, .1 . Soc. 
Chem. Ind.r 53, 321T-336T (1934). 

“The strength of asphalt mixtures,” IT. T. .norsrndd, J. Sne. Chon. Ind.,- 53, 
107T (1934). 

A valuable chart showing “(*.h('niica.ls derived from llu' ixadaru's” will be found 
in News Edition, Tml. Eng. Clumi., 11, 334 fTOn). 



There ivas a ti.me not so lo7zg ago 'ijohen the chemist sought ex^clxi- 
sively jor Jiatiii^cil prodzicts so that he might ext^^act or distill frorii them 
the coinjilicated molecules containing carhozz, hydrogen, and oxygen or 
7zitrogen. The distillates or extracts toen'e chemicals orlginatizig in 
7Latiire's lahoratoi^y , m living systeiyis^ vegetable or animal; they icere 
therefore called orga7iic.’' It laas ivith reverence that the chemist iso- 
lated such chemicals. To-day ^ he, is holder, Hatui'al sources are still 
sought and iztihzed ^ hut m additio7i, the chemist or engineer uses coal 
and limestone, for cxaiivple, and produces from- them the delicate and 
volatile acetate esters. This znakes true the sloga 7 i: From roebs to 
ethei'eal solvents. IBzit it is 7celL to 7iotG at once that even in these hold 
syntheses, all the worker does is to provide the circrunista7ices and con- 
ditions so that the lazos of natzire 7nay f unctio 7 i to his advantage . A.t 
no tbne does he 77iake 7iature do his loill: the achieve-meyit is z'ather bz 
the discovei^ies of a few of those laics; the attitude of humility before 
the decreasingly inysterioxis lazes of 7iatzi7'e is still in order. 


Chapter 25 

Synthetic and Semi-Synthetic Organic Chemicals 

In the course of the three decades, now past, in this ceaitury, and 
particularly since the war cmergenc^^, a number of organic synthetic 
chemicals has been brought to the commercial state and has entered 
the economic life of the world. The best known are the compounds 
derived from acetylene; by catalytic hydration, acetaldehyde is iormed, 
and this in turn, by catalytic oxidation, yields acetic acid. This is syn- 
thetic acetic acid, able to replace in all its uses the older acetic acid 
from wood distillation. Of more recent date, and perha]^s loss well 
known, are the chemicals liuilt on ethylene CIIii'.OHi* as standing ma- 
terial ; they include ethylene glycol and the glycol ethers. The ethylene 
derivatives are manufactured mainly by straightforward chemical re- 
action, and only in rare instances, by contact catalysis. If it had not. 
been for this important group of ethylene derivatives, the chapter might 
have been entitled: Contact Catalysis Processes. A. thirct important 
starting material is carbon monoxide, which reacts with hydrogen, in 
contact with a properly chosen catalytic agent, to form methane CH4? 
or methanol CH3OPI and higher alcohols, according to the nature of tne 
catalyst and other conditions. 

The three series listed in the previous paragraph represent synthetic 
chemicals. What might be called semi-synthetics are chemicals result- 
ing from partial or controlled oxidation of natural products, chiefly 
a-gain with the aid of a contact substance; for example, phthalic an- 
hydride from naphthalene. Another semi- synthetic group "would be the 
hydrogenated vegetable oils which become ^^vegetable fats, due to the 
addition of hydrogen to the molecule, 
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A number of synthetic and scmi-syntlictic substances, of value in the 
perfume industry, will be found described in Chapter 30. S^T-nthetic 
amyl alcohol froni pentane is included in Cha]>ter 20. 


(hiKMIOAKS l^ASUn ON VI.KNK AS S^rAU^rUNCJ 'MAia^lKIAr, 

Acetylene is the ^as formed by the a.c‘.tion oL* water on calcimn car- 
bide, a product of the electric furnace. Tlie early use of the ^as was as 
an illnminant, about 30 years a.£!;o, when its dazzlinp; white liG;ht was 


ol. R.cl<tlu>ti nj the Aectylcnc C tie rH i cals: ^ * First Rdvt 


Oil :Cri 


-t-IIOTT , 


o , cetylen.e 
(gas) 

-hHCl 

(Cu.Cb, jsrir^cj) 

CH. : CHCl 
vinriyl chloride 
(fra,s) 


Clin, c no 

acetaldehyde 
(volatile liquid) 


-hlb 

(til 1,011 
cthijl alcohol 
(liquid) 


■4 <> 


CtIIaCX)()M 

acetic acid 
(liquid) 

I 


less IIoO and CX)i> 

cni:,. cx).ciin 

arr.to'nc 

(li(liud) 


, I 

less IIoO 

(CdI.,C0),0 

acetic 
(ink ydride 
(liquid) 


highly i')rized. Its high heat of combustion led to its use in welding and 
cutting torches. It is now generated and fed into a suspension of mer- 
curous sulfate in water or dilute sulfuric acid, where it is a chemical, 
which attaches a molecule of water to each one of its molecules, to form 
acetaldehyde. By oxidation, acetic acid is tlieii formed, and this in 
turn may serve as a source for acetone. By hy drogcuiation^ acetaldehyde 


Tahup] 52 . — Relation of the AccLylctie Che ni icals , Seeond Part . 
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CII : C FI 
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(Chapter 39) 
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tetrach lorefiiane 
(liquid) 


d-cai:X»oii 
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ClhiCOOCMrCni. 
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-f- 

JIoO 

• ^ 
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vinyl alcohol 


ciici : ao\2 

Irichlorcihylene 

(liquid) 

-hCXo 

X — IHU 

cx,n. 


7; cn ta chi orc.it i (vy i a 
zinisym/nictricaL 
(li(Xuici) 


CCh : CCI2 
'pcrchlor ethylene 
(Tetrachlor- 
cthylene) 
(liquid) 
-j-Cb 
■>k 

CCX3 • CGI3 

h cxachloreihane 
(solid) 


^ The synthesis of acetic acid from acetylene was worked out for larpjo scale operation, by a 
^?roup of scientists at Shawinigaii Falls, Ontario, Canada, dm-inp; the war emergency, and had as 
its chief aim the manufacture of acetone, required in the production of munitions- A 
of the achievements will be fouiicl in “Synthetic acetic a.cid and acetone,’' J. T. Itooney, Chem. 
Met. JSnff., 22, 847 (1920). 
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gives ethyl alcohol, an actual source of this material. The relation be- 
tween acetylene and the products based on it is shown in Tables 51 and 52. 

Acetaldehyde. Acetylene is generated from calcium carbide by the 
action of air-±ree water in a series of generators feeding a central holder. 
The gas from the holder enters the reaction vessel made of IDuriron^ 
conical in shape, and surmounted by a short plate column. A quantity 
of liquid is contained in the cone bottom of the reaction vessel, and 
contains water, acetaldehyde, and mercurous sulfate in suspension. The 
gas enters at the bottom at a steady rate and keeps the thin sludge well 
stirred. At a corresponding rate, air-free, lukewarm water is fed in. 
At dehnite intervals, a part of the sludge is removed, and a charge of 
fresh mercurous sulfate suspended in air-free water is supplied. "^The 
reaction CoHo -}- HoO = CHaCEEO is exothermic, so tiiat heat must be 
removed by cold w'ater circulating in a coil placed in tlie reaction vessel. 
The temperature is maintained at 68 ° C. (154° F.) at which acetalde- 
hyde passes out freely, carrying with it a certain amount of water vai^or. 
In the jdate tower, cooling causes condensation of a water solution of 
aldehyde, which becomes stronger the higher the plate. There passes 
out at the top acetaldeliyde, winter, acetylene, and several otiier minin' 
reaction products in smaller quantities; the vapors pass lipward in a circu- 
lar box with cooling coils. A water solution of acetaldehyde containing 
about 20 per cent water is collected and stored in aluminum tanks; the 
acetylene gas passes out and after purification joins the inakeui.) gas on 
its W’ay to the reaction vessel. Pure acetaldehyde boils at 20° C. ( 68 ° F..i 
at atmospheric x>i*essure. 

Acetic Acid.. From acetaldeh^^de directly,, several chemicals are 
formed: acetic acid, ethyl acetate, butyl acetate, acetic anhydride, while 
acetic acid and acetylene ina^^ be made to yield acetic anhydride, all 
by catalytic reactions. 

For acetic acid, a batch process - is used. A thousand gallons of 
acetaldehyde from the acetylene hydration, rectified so that its water 
content is very low, are pumped into an aluminum-lined reaction vessel 
provided with coils for water or steam. To this 0.5 per cent manganese 
sulfate or acetate is added, and air (300 cu. ft. x^er minute) blown in 
against the pressure at which the reaction vessel is operated, about 3 
atmospheres. The temperature is raised to 25° C. (77° F.) , which is 
below the boiling point of acetaldehyde at the pressure used. As the 
reaction gets under way, the temperature rises to 65° C. (149° F.) and 
the pressure to 75 pounds. 2 CH 3 .CIIO + O 2 = 2 GII 3 .COOII. hTitro- 
gen is allowed to escape through a brine-cooled separator, wdiich retains 
the entrained aldehyde and acid. The reaction is complete in 8 to 12 
hours, when the charge is distilled, then redistilled -with the aid of a 
plate column, operated continuously and yielding 99 per cent acetic acid. 

The function of the mangenese catalyst is not to catalyze the oxi- 
dation of the aldehyde, but rather to decompose an intermediate prod- 

For otlier sources, see T^rief statement in cltapter 19. 

2 Englisli Patent 132,558 C1918)* class II, 3, p. 91 abridgements; 132,557 Cl^lS), class II, 3, p. 90 
abridgements. 
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net, pei*-aceli(f acdcl, which is explosive; as it dt‘cc:>iiiposes^ tlic desired 
acetic acid forias. The lut^lier iiuiii^*aiiese oxide foriiK'd attacks fresh 
acetaldeh^^^de. 

Cl 1;, . ca I o 4 - o .i = c d h - cx> .0.011 

pcr-ctcctic. acid 

CUIa. CO .O. ()lI-hMnOo= Cdr,-,. CX>OIl-f-MiiO.'i or i ii a'riiied iaU^ oxides 

broicti color 

MiiO:, or interiiic<lia.te ox ides -f- Cl 1 3 . Cd K ) = C d 1., . C X >0 li 1 M n( >., 

Ethyl Acetate from Acetaldehyde. In tlie presence of small 
anionnts of aluininnm ethylate A1 (CoITnO ) a and alinninnin chloride 
AlCla, acetaldehvdc is transformed to ethyl accitato \vil\\ a recoverv of 
over 90 per cent. 2Glrl3CI-IO = Clla-COOCoI I At the present time, 
ethyl acetate is iua.de almost exclusively from fin-ineiitatiou alcohol and 
acetic acid from various sources, but Ihc^ procc'ss just e;ivt‘n may gain 
industrial importance in the futui-e. 

Acetic Anhydride from Ethylidene Eiacetate. 1 1* instead of 
] )assing acetylene into a water sus[)ensiou of incnuni roi is sulfate, as is 
done in the fundamental i:)rocess in this series, it is passed into a sus- 
l^ension of mcreurous sulfate in concentrated oi' g;la(ual acetic acid, 
using; the same kind of reaction vessel, there is fornu‘d edhylidene di- 
acetate. (The ethylideme radicle is CT-I.-.C hi I : ) . Ci^TTi> H- 2CVri;i.COOH = 
CHaCH (O.CO.CIIa) 2 - 

On distilling this product in the presencci of small (piantities of an- 
hydrous salts or agents, such as zinc c]iloi*ide or sodium [)yrophosphate 
]Sra.jPi> 07 , the diacctatc decomposc'S into aced aldtdi^ule and a(‘etic anhv- 
dride. CI-T:..CJ-T(O.C().CIT 0 2 -= CIT.s.CTIO -h ( ) (C u‘).C dl.-i) :>. 

The distillation may be perforined at reductal pre^-^surt^ (lOO mm.) and 
C. (17G“ E.), 01 ; lit atmos]:>heric jjressure and 130‘^ Ck (2G6° F.). 
Tlie acetaldehyde may be used over again in the acetic*. a<;i(l synthesis. 

It has been found advantageous to introduce the dc'composing agent, 
such as iihosphcnnc acid, in small lots at suitable intervals to the boil- 
ing ethylidene acetate, in order to avoid forming ac.cjtici acid or tars. 
The conversion is 87.4 i;)or cent. In tlio subsecpicvnt distillation, un- 
changed ethylidene acc'tatc'. is left bcdiind ; t he distillates is fractionated 
and furnishes 80 tcj 90 pen- ccnit acuitic anhydrides, the customary com- 
mercial strength. 

Acetic Anhydride from Acetic Acid. Acetic anhydride may be 
made directly from glaehal accdic acid by ])assing it in vapor form over 
granules of catalyst kc])t at G0Q° to G2G® C. (1112'^^ to 1148"^ F.). The 
catalyst is made by anixing 200 grams of se:)dium ainmemium phosphate 
NaNIT.iHPO.i with 1000 grams boron phosphates; the yield is 48 to 50 
per cent. 

The standard method feu- acetic anhydride manufacture will be found 
in Chapter 16. 


•** XJ. S. Patent 1,578,454. « 

* XT- S. Patent 1,870,357. 
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The United States production of a.CGtic acid (1931) in the form of 
acid less concentrated than 100 per cent was 48,846,511 lbs., calculated 
to the 100 i^er cent basis; that for glacial acetic acid, 13,739,589 lbs. 
Both average 5.65 cents in price. 

Chlorinated Hydrocarbons. By the chlorination of acetylene to 
tetrachlorethane, followed b 3 ^ the removal of hydrogen chloride, trichlor- 
cthylene is formed. It is a liquid which has become an important solvent. 
It is now made at the rate of many tons a day. By chlorination, vv'ith a 
subsequent hydrogen chloride removal, and again chlorination, three more 
chlorinated hydrocarbons are formed, as shown in Table 

Another important branch of the acet^’lene chemicals family are the 
vinyl compounds. A stream of acetylene in acetic acid gives vinylacetate^ 
which may then be hydrolized to give z-inyl alcohol; this substance is 
readily polymerized to various degrees, and products of different viscosi- 
ties are obtained. Vinyl alcohol is used to diminish the ^'"drag out/* that 
is, the volume of liquid carried out by the metal objects on being removed 
from the bath. There is a growing list of other uses. 

Acetylene to foi'in cliloro] >i*ene, 2-chlor-l, 3-butadiiaie, is |n*esented in 
chapter 39. 

Degreasing Metal Surfaces. An important use of certain of the 
newer solvents is in the degreasing of metal surfaces, preparatory to 
coating them with another metal, by electrolysis, by dipping, or in some 
other way. Trichlorethylene particularly is favored, and not only its 
uses, but several methods for performing the degreasing, with the appara- 
tus, have been the subject of patents.*^^ In one system, the cold metal 
parts are suspended in the vapor of tlie solvent, whicli recondenses on 
the walls of the same vessel, extended to form a sliort reflux column; 
only the pure solvent, with maximum solvent ]30wer, readies the objects. 
The solvent is kept warm by a steam coil. The vapors do not escape 
thanks to their great weight relative to air. In order to prevent corrosion, 
a “stabilizer^’ is added; this may be 0.001 per cent triethylamine,-^'^ 0.05 
per cent to 0.1 per cent amylene,’*" or, less satisfactory, gasoline.^^' 


Synthetics with Ethylene as Starting ]\I.\terial 

An important series of valuable organic compounds has been real- 
ized, chiefly by the brilliant work of American chemists and chemical 
engineers, by the building up of the molecule of ethylene, CHoiCHo. 
The family tree in Table 53 exhibits the relation between the more 
important members of this series. Ethylene is an unsaturated compound, 
which readily forms addition products. The additions which are of 
service here are hypochlorous acid or chlorine, followed by reactions 

Compare “An R. «fe H- Teclinical Bulletin,** “Clilorinated Hydrocarbons,** (1935), The R. & -H., 
Chemicals Department, E. I. du Bont de Nemours and Co., Wilmington, Del. 

IJ. S. Patent 1,942,531, to Dr, Harold Barrett. 

U* S. Patents 1,906,968; 1,961,867; 1,875,937; 1,938,841; 1,869,845; and 1.869,826. 

^ IT. S. Patent 1,911,926. 

IT. S. Patent 1,904,450. 

TJ. S. Patent 1,816,895. 
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ni^AUT.!-: 53 . — lij Ih i/l(‘nc. rnid Us Dcri vaii iu s oj ludustridl I }npi))'tancc. 
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which replace the halogen hy a hydroxyl (OH), an ethoxy (OCfjHa) or 
other alkyloxy group, or an acetyl radicle fOOC-CHa), or reactions 
which remove hydrogen chloride or water. The central substance is 
ethylene glycol OH.CHo.CH;..OH, a liquid, manufactured at the rate of 
30 tons a day. 

Ethylene. The gas ethylene is obtained in the large amount re- 
ciuired for this industry from oil, cracked in the vapor phase < Gyro J , or 
from cracked natural gas; fair quantities are also present in coke-oven 
gas. It is obtained m the pure state by comi:>ressing tiie raw gas to 
several atniosplieres and treating this witii acetone in an absorption 
tower i.^ee Fig. 156). Acetone is forced in at tiie tOi> and travels 
downward over the several plates. The gas travels upward, bubbling 
through the solvent, in which the ethylene dissolves. An acetone solu- 
tion rich in ethylene collects at the bottom of the tower, and is sent 



Figure 1o6. — Plant for the extraction of etliyienc from a 
^zias mixture, showing; absorption tower, separat in”- cham- 
ber, and the two compressors. (From the patent.) 


to an expansion chamber, where the i.)ressure is released; liie pure gas 
escapes from the liquid and is drawn ofi through a line at the top of 
the chamber. The liciuid below is used over again, or, when maximum 
production is needed, is warmed and passed through a short plate tower; 
the residual ethylene is thus recovered. The acetone is then ready for 
a new absorption cycle. The pure ethylene gas is collected in a holder 
from which it is drawn as needed. 

Ethylene is obtained from ethyl alcohol, by catalytic dehydration; 
this was the method used during the war emergency (Chapter 34), 

EttLylene Chlorliydriii. In the next step, ethylene forms an addi- 
tion compound with hypochlorous acid IIOCl in water solution,® the 
chlorhydrin formed, OH.CHo.CH^.Cl, remaining also in solution in the 
water. Inasmuch as hypochlorous acid is not stable, its sodium salt, 

5 U. S. Patent 1,422,184. 

« U. S. Patent 1,456,916. 
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sodium hypochlorite IsTaOCl, is prepared, and the free acid liberated onlv 
at the moment it is to react. 

Chlorine oas is passed into a solution of iron-frc'o caustic*, soda kent 
at 30"^ C. (5()‘'' l^h), in order to avoid clilovat.c forinaticm. Tlie reaction 
2]Nh^OI-I + Clo - KaOCl + ]VaC3l -f- lUO takes place. Fmough chlorine 
is passed in so that nc:> free alkali remains; tlic stren£>;th is acljiisted at 5 
tc:» 7 per cent NaOCl. The vessel and ]^ipes arc of c*lieinical stoneware 

The hypochlorite solution passes to the first decomposing; cell (3 in 
Fig. 157), maintained at 0"^ to 10^ C. (32^ to 50^^ F.), where it meets a 
stream of chlorine gas in quantity sufficient to react with most, but not 
all, of the sodium hypochlorite: ISTaOCl Cl^ -p IT^O = 21IOC1 -h KaCl. 
The solution of hypochlorous acid now jmsses Mu’ougli a cooling coil to 
the bottom of the first reaction tower (8 in the sketch) . Kthylene gas 
enters through a porous plate in tlie l>asc of the tower, so tliat it is 
divided into fine bubbles. A quantity of licpiid several feet in height is 


Fi(;i:[{.k 157. — Abson)Lion. of 

f'ihylf'iTK^ in hypochlorous 
a<*i(l to form the chlor- 
hy<lrin. 3 find 9, chlori- 
nating coll to form hypo- 
chloroiis acid; 8 and 14, 
reaction towers ; 10 and 
10a, inlets for ethylene 
gas; 1, storage for so- 
dium hypochlorite solu- 
tion. (From the patent.) 


's, coinlr)ining with the 
free hypochloi*ous acid. Ci>ll.i -Y HOCl 0-Il.C.H2-C.H;».CL The reac- 
tion is exothermic; by means of the coils placed in the tower, brine may 
be circulated, and this licat removed, so that tVic temperature is main- 
tained close to 0"^ C. (32*^ F.). 

A portion of tlic licpiid in the tower is allowe.d to overflow into the 
second decomposition coll (9 in sketch), placed in a brine tank. In this 
cell a fine stream of chlorine enters arid dcc*omposcs the remaining 
sodium hypochlorite; this solution passes through a cooling coil again, 
and enters the second reaction tower, again forming a body of liquid 
through which ethylene gas is allowed to I'ise in fine bubbles. The 
overflow from this tower reaches an intermediate tank; a j^ortion is sent 
to join the fresh sodium hypochlorite liquor for the first cell, serving as 
diluent. The main psivt is drawn off and x:)urified; the impurities are 
sodium chloride, a small amount of hydrochloric acid, and traces of 
hypochlorous acid and of chlorate. A slight excess of sodium bisulfite 
is added to destroy the latter two substances, and calcium carbonate to 
neutrality. The liquid obtained may contain as much as 20 per cent 



kept in the tower, and through this, the gas ri 
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ethylene chlorhydrin; it is concentrated further by distillation, usually 
to the 42.3 per cent strength, because this is a constant boiling mixture. 

This procedure has been improved " { see Fig. 158) by circulating a 
larger proportion of the chlorhydrin solution, and injecting onK' enough 
sodium hypochlorite solution to produce 0.1 per cent hypochlorous acid 
in the liquid fed the reaction tower; in fact, the customary concentration 
is 0.06 per cent. One part of hypochlorite solution is added to 80 to 
250 parts of recirculated liquor. A stream of chlorine sufncieni. to de- 
compose 50 to 80 pe^r cent of the sodium hypochlorite is injected into 
the circulating licjuor pipe. A definite amount of licpior is discliarged 
constantly and worked up for its chlorhydrin content. 


Fioi'RE 158. — Improved pro- 
c(.‘diire for the absorption 
of ethyleme in hy]) 0 - 
C'hloroii.s acid- In each re- 
action tower (1 and 12), 
the cldorhydrin solution 
is cii'culatod. with injec- 
lion of small aiuoiinls 
cjf sodium hyiJOchlorit{^ 
(at S) and of chloriuf^ (at 
10 and 19). (From th#- 
patent .) 



Ethylene Glycol. Tatliylene chlorhydrin is transformer 1 into ethyl- 
ene glycol by means of a solution of sodium bicarbonate. 

OH . CI-Io . . Ci + XaHCO.j = OH . CHo . CH- . OH d- ZSTaCI -i- CO:. ( 1 ) 

The apparatus ® (see Fig. 159) consists of two closed kettles, steam- 
jacketed and with stirrer; and two storage tanks, one for a caustic solu- 
tion, one for the chlorli^^drin solution. The caustic solution is made 
20 per cent ^saOH, the chlorhydrin 40 per cent OH.CHiv.CHo.CL Caustic 
solution is run into kettle 2, and carbon dioxide passed in, to form the 
bicarbonate. ISTaOH 4- CO^ = ISTaHCO^. A charge of chlorhydrin solu- 
tion, in amount just right to follow equation (T), is run in, and the tem- 
perature slowly raised to 70° C. (158° F.) while stirring. The reaction 
starts and proceeds smoothly; it is complete in 4 hours. The gas evolved 
fCOo) is passed into kettle 1, which contains its charge of caustic solution, 
so that bicarbonate for the next batch is being made by the same gas. 

It is necessary to guard against losses in the form of ethylene oxide; 
these are minimized by starting with the cold caustic. 

T U. S. Patent 1,456,959. 

s U. S, Patent 1,442,386. 



43G 


TNUl^STRIAL CTIEMISTR Y 


The weak ^lyeul solution obtained is c*oneenti*ated by heating in a 
vacuum, water vapors passing- out. AVhen coin])lctely dehydrated it is a 
somewhat viscous liquid, very hytj^roscopic, boilintv at 197.2^ C. (387° P) 
It is miscible with water in all proportions, causing a drop in the freezino- 
point ot the solution; 60 pvv cent ethylene £»;lycol and 40 per cent water 
have the minimum freezing point, — 49^ C. ( — 5(5° F.) , hence its value as an 
antifreeze in automobile radiators. 

A new method other than the following ones, which will supercede the 
hypochlorous acid-bicarbonate method for making ethylcme glycol from 
ethylene has been developed, and its details iire being i)atcnted. 



PKJC'iiC 150. — Itc'ac'tion vc'ssols for 
iinikiiif*: <4.h3^1(‘iio ^lyc'ol from 
t'lliyh'iK' . Vc'sscl 2 

<^oiit.ains tlio solutions of Ijiciir- 
hon:it-(' a.nd (dilorhydrin ; Iho 
jL!:as c‘volv<‘tl passf's info the 
cold ciiustic* stjlul.ion in vos- 
S('I 1. (From th<‘ putcuif.) 


Etliylene Glycol from Etliylene Chloride. Ethylene glycol may 
also be made from ethylene chloride C-ll.tCJh in ii single step.*^ The 
following materials in the prc)i)ortions indicuited arc placed in a kettle 
wdth a closed, vertical extension which is ja<‘.keted, so that its tempera- 
ture may be regulated. 


10 parts by \v(^ip;ht. cU.hykmo chloride 

10 parts by wciglit sod;i ash 

2 parts by weight scidiuin aeetat.e 

15 loartiS ])y weight 85 p<u* cent ethyl alcohol 

The kettle is heated to 125"^ to 175*^^ C. (257° to 347° F.) ; the pres- 
sure developed is regulated to 150 to 200 i>ounds by releasing some of 
the carbon dioxide i^roduccd. After several hours, the action is over; 
the sodium chloride formed is insoluble in the liquor, and may be set- 
tled out or centrihiged. The liquor consists of glycol and alcohol, and 
these are separated by distillation. 

o U. S. Patent 1,402,317. 
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Ethylene chloride, CiiH^CE, has become an important substance; it is 
a solvent, and also a starting point for chemical syntheses. It is formed 
by passing ethylene gas into a cylindrical container in which a contact 
substance such as activated charcoal has been ]:)laced- Chlorine gas 
enters at the same level, and the two gases travel downward ; the liquid 
product is traj^ped in a separator. H- CU = C0II4CU. The gases 

may also be introduced into a body of licpiid from previous batches, 
under a layer of water. Tlie heat of formation of ethylene chloride is 
considerable (60 calories per grain-mol) , and must be removed by cool- 
ing coils or a cooling jacket. 

Eth^dene glycol may also be obtained from gl3’'col diacetated*^ itself 
made from ethylene chloride by a ]>roceduro to be discussed ]>resently. 
The glycol diacetate, a liquid, is mixed with tin alcohol such as etliyl 
alcohol, and 2 per cent sulfuric acid, and tlie mixture heated in a Duriron 
reaction vessel. Ethyl acetate j^asses out and is collected, as it forms a 
marketable by-product. After neutralizing, the glycol is distilled from 
the residual liquor. 


Guycol Esters 

One of tlie earliest derivatives of ethylene glycol wiis the acetate 
ester, a substance which has good solvent properties; since thc-n a num- 
ber of other esters have been manufactured, but the eth.ez’-alcohols and 
the ether-esters, both to be presented in this chapter, liave overshadowed 
the esters. The esters are important intermediate piroducts between 
ethylene chloride and glycol, for example. 

It may be noted that a mono-ester of a glycol is an alcoliol ester, 
while the corresponding di-ester would have no alcohol group. 

A satisfactory, inexpensive method of forming etliylenc glycol mono- 
acetate consists in placing glycol and acetic acid in a boiling kettle 
(copper) with a vertical extension serving for refluxing a part of trie 
vapors evolved. The temperature is maintained around 100 ^ C. (212" 
F.) ; the water formed during esterification is able to escape through the 
refluxing jacket, while glycol, acetic acid or ester are re-condensed. Any 
water of dilution introduced with the acetic acid will also pass out, so 
that it is the special merit of this method that the ester may be produced 
wdth weak acetic acid such as 25 per cent acid, a cheaper material than 
99 per cent or 99.8 per cent acid. The boiling is continued imtil the 
acid is essentially all combined. 


OH . CH:. . CH:. . OH + HOOC . CHo = OH . CH^ . CH= . OOC . CHo H^O. 

ethylene glycol 
mono-acetate 

The ester is purified by distilling it; any unchanged acid passes over 
first, then the ester. 


10 U. S. Patent 1,454,604. 
TJ. S. Patent 1,534,752. 
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The diacctatc is formed in just the same way^ except tliat twice the 
amount of acetic acid is i:>laced in the kettle. The reaction then is* 


OH . Clh . Cl-k . OH -t 2HOOC . CHa = CIH . COO . CH.. . OOC . CHa H- 2HaO. 

The diacetate may also be made from ethylene c*t\loride, by heating it 
to 160° C. (320° h\) under pressure with sodium acetate and ethvl 
alcohol as a diluent.^-' 

Glycol Hitrates- Ethylene glycol dinitrate is manufactured very 
much as nitroglycerin is, and it is used as an explosive. Its effective- 
ness as an explosive equals that of nitroglycerin; its great value is in the 
manufacture of low-freezing dynamites, as it freezes at — 22.8° C. ( — 9 ^ 
E.), while nitroglycerin freezes at + 13° Ch ( -f- 5/5.4° F.). It is less sen- 
sitive to shock than nitroglycerin. l.^icthylene glyc.ol may also be ni- 
trated; the resulting dinitrate has the h^w frec'zing i^oiut of — 11.3° C. 
( 4- 11.5° F.), and is used with ethylene glycol dinitrate in the manufac- 
ture of low-freezing dynamites. 


Clijvcon Etili:ks 

The insistent demand for chemicals wdiich would ))e good solvents 
for nitrocellulose stimulated the study of glyc'ol dcM’ivalivcs. It was 
thought that the combination of the ether grou]) with the alcoliol group 
in a single molecule should confer superior solvent pro})ertios,^'^ because 
the first solvent for nitrocellulose was an ether-alcohol mixture; neither 
of the substances alone had any solvent a(*tion. "^IMiis ex(‘.e]h a tion was 
fully and brilliantly i*ealizcd. One of the first (*.omp(nmds of this type 
was the rnono-ethyl ether of ethylene glycol OII.CM-.C dl-.OCoH-, sold 
under tlic 'name of Ccllosolvc, 

A sim];)lc and efficient mctliod for its ]')repa.rati()n, in a single step, 
from inexpensive reagents, is as follows Ethylene glycol of commer- 
cial grade, di-cthyl sulfate, and caustic soda (ciaishcd solid) in the pro- 
portions required by the reaction 

2011 . CH^ . Clh . OH i 2Mn.Ori -I 

20 H . O tfs - Cl h . (.)Ch [ I .. N a S< \ 1 2 1 1 

and boiled in a kettle witli i-cflux tow’^er for 3 hours. After that time, the 
liquor is vacuum distilled, leaving the inorganic; salt in the still. The 
distillate is rcdivStillcd at atmosplicric ]>rcssurc and the recovery is 60 
per cent or over. The product is a colorless liquid boiling at 134° C. 
(237° F.) ; it is soluble in water, glycerin, ethylene glycol, amyl acetate 
and butyl acetate. It is a solvent for gums, resins, and nitrocellulose; 
it has been proposed as an extraction agent for essential oils for flavors 
and iDerfumes. This product is the mono-ethyl ether of ethylene glycol, 


3 2 XJ. S. Patent 1,430,324. 

3^3 Ind. JEng. CHem,, 18, 700 (1926). 

U. S. Patent 1,614,883. 
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with the ether oxygen binding the ethyl group to a carbon atom of the 
glycol group: OH.CHo.HoC/O/CoH-s. 

Another process starts with ethylene oxide, and causes one molecule 
of ethyl alcohol to add itself to one molecule of the oxide 

Ch“ • ° C:.Hr,OII = OH . CH= . CH= . OC:.H3. 

ICthylene oxide, a liquid at room temperature only wlien under pres- 
sure, is pumped into an autoclave into which absolute ethyl alcohol has 
been placed, in the proportions indicated by the reaction and a 15 per 
cent excess alcohol. The autoclave is then scaled and the lemperature 
raised to 150^ C. (302*^ F. ) and kept tliere for 12 hours; or it may r^e 
heated to 200° C. (392° F. ) and kept at that mark for 4 hours. At 
150° C., the pressure rises to 250 jiounds per square inch at the ’be- 
ginning of the reaction and toward the end falls to 125 pounds. The 
product is fractionally distilled to remove residual ethylene oxide and al- 
cohol ; the glycol ether passes over at around 134° C. «273° F.i, leaving 
in the still the higher boiling reaction products such as tiie ethyl esters 
of di- and triethylene glycols which are forine«i to a certain extent. The 
yield is 70 per cent based on the alcohol reacted. 

Other Glycol Derivatives. An ether-ester is by treating 

for example mono-ethyl ether of ethylene glycol with acetic acl*i in the 
same way the mono-acetate ester of etliylene glycol is prc]>ai*edi. Sucii 
chemicals have proved of value as solvents. 

The polyglycols and mixed iiolyglycols arc fornicd b\- licririrm the 
glycol or mixed glycols with a moderate amount of phosiuiorie acifi, or 
other deliA'drating agent; they arc also obtained as by-products in any 
reaction in which two glycol molecules might suffer deliydration. Sev- 
eral examples of such higher glycols are given in tlie Table of Relation 
for ethylene derivatives. The reader will please note that diethylene 
glycol has an ether oxygen in the molecule, and triethylene glycol two; 
their properties are therefore rather those of ether-alcohols, and not 
closely resembling those of sclvcerin, jSTot onlv ethvleiie, but also nropv- 
Icne CI-T3CH0.CH0, butylene CHs-GHo.CHo-CH^i/and isomers, lead to 
glycols, each one of which gives ethers, esters, and mixed ether-esters 
and ether-alcohols w'hich may have a special merit in some industrial 
application. For nitrocellulose and similar lacquer-forming substances, 
the ethylene glycol derivatives have about the right range of vapor pres- 
sure at medium and room temperatures. 

Ethylene oxide is formed from ethylene clilorhydrin, by the action 
of an alkali stronger than sodium bicarbonate. Similar cyclic ethers of 
larger molecular weights are now commercial products; thus dioxan, really 
1,4-dioxan 

. CE[o . CHs . 

O O 

■ CHo . CIT2 • 


IS U, S- Patent 1,696,874. 
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obtained by distilling ethylene glycol with concentrated phosphoric acid, 
is of value as solvent. 

A modified ammonia has been formed by allowing ethylene chlor- 
hydrin to react with ammonia ; triethanol amine is tlie best known of 
the three possible modifications. <For proi>erties, see Table 54.) It is 
of great value as an emulsifier ; it forms with fatty acids soaps of unusual 
properties, and in other ways is finding wide application in the industries.^*^ 
In another method, ethylene oxide is ailov’cd to react with ammonia in 
an autoclave. The ethanol amines are viscous, hygroscopic liquids of 
very mild odor; they are organic bases of mild alkalinity, and combine 
with free latty acids to form soai)s whicii have solubilities different from 
those of metallic soa])s. 

Ethylene diamine is formed by heating etliylene chloride with aciua 
ammonia under pressure (autoclave) . A continuous process lias been 
devised,^' and in addition, the formation of trianiinc essentially pre- 
vented by using 15 mols of ZSTH- to 1 of (CH:> ) 

Cl . CH:. . CH:, . Cl 4- 3XII:: = XHtCi 4- H:.X . CTE . CH. . XIL. . HCI 

Oichlor-ethyl ether is formed by the removal of a molecule of water 
from two molecules of ethylene cliiorhydrin. 

A new solvent wtiieh does belong among glycol derivatives but wliicli 
is of synthetic origin has been developed at Purdue X’liiversity ; it is 
1, 3-dichlor-2-niethyl propane, a liquid. It has excelleiu solvent ]iroi)- 
erties for grease, and is non-inflammable, so that it is expected that it 
will be a great success in tlie dry clcaining trade. 

Ethylene reacts with steam at 400^ to 500^ C. and 25 to 200 atmus- 
jiheres in pre^ssure, in the i>resence of a dciiy<lrating catalyst sucli as ihoria, 
or phosphoric acid deposited on charcoald"^ to form ethyl alcohol. 

By means of Table 54, some additional infcirmation regarding tlie 
numerous ethylene and other olefin derivatives is given. 

SVX'TIIETIC IMETIiAXOn 

The large scale synthesis of methanol CII;>OIi, the same substance 
as wood alcohol, from carbon monoxide and hydrogen with tlie aid of a 
contact substance was brought to the notice of the American public with 
dramatic suddenness. A few years after the war < in 1923 ), with the eco- 
nomic world resuming its normal pace, there were delivered in XTew York 
harbor thousands of gallons of synthetic methanc^l, to be sold, duty paid, 
for 40 cents a gallon, a price about half that charged for methanol from 
wood at that time. Ileadjustments have been made since then, but the 
advantage remains witli the synthetic product. XTot only arc the raw 
materials it requires cheap and abundant, not only have the technical 
problems of low, medium, and now, high pressure catalysis been solved, 


See gas purification. Chapter 14. 
TJ. S. Patent 1,832,534. 

Brit. Patent 308,859, Jan. 1928. 
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but the methanol reaction serves to utilize by-products which otherwise 
would be wasted, and it has been applied to remove an undesirable com- 
ponent of a gas inixlure (CH) in H'a for ammonia). For several years, 
methanol from w^ood maintained iin artificial advantage, because the 
prohibition law read that “wood alcohol, a i)roduct from wood,” must 
be used in the chief dciraturing formula; in 1929, this advantage was lost. 
Alcohol from wood must now compete with synthetic methanol for regu- 
lar commercial and industrial uses. 



‘Fi( ; ifRiJ IGO . — Storage 
tiLiiks for synthetic 
o r a, n i c chemicals 
siicli iis inolhanol, 
Loiiiin Works, I. G. 
F a r ) ) o n i n d ii s tri e , 
C^orinany. (Boiirhe- 
Whitr' Idioto, Pic- 
t,nr('S, Tn<*., N. Y.) 


Sin(ic 1923, plants synthesizing methanol have been crated in the 
United States, and have been most successfully operated. The produc- 
tion in 1931 was 7,766,592 gallons; in 1935, it was 120 , 760,861 pounds 
(4 cents a pound) ; this would be about 18.3 million gallons. or 
parison, the production of wood alcohol was 1.95 million gallons, 

When a mixture of carbon monoxide and hydrogen, such as is con- 
tained in water gas, is passed at atmospheric pressure over nickel nei 
at a temperature of 380° C. (716° F.) there is formed methane and car- 
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'bon dioxide. 200 -f- 2 H:^ = GH 4 -}- Cr):>. \Vitli the volume adjusted so 
tliat to 1 volume of carbon monoxifie tiierc are 3 volumes 01 liydrogeii, 
tlie reaction p;oes practicaliv to coin}')loti()n at the temnerature of 230' 
to 250° C. (446° to 482° F?) . 

\\ ith high pressures, and zinc oxide as catalyst, the reaction ta.kes 
another course; methanol is produced. Since the earliest study of 
this reaction, an improved catalyst, namely, zinc oxide 'vvith 10 per cent 
chromium oxide, has been proposed and used. The reaction CO ^ 2IIj 
= CH3OH takes place with fewest side-reactions if the ratio of monoxide 
to hydrogen is as 1 is to 2,2. Tlie conversion is 20 to 25 per cent, depending 
not only on the repression of side reactions, but also on the activity of 
the catalyst and on the space velocity. For a given catalytic actis'ity. 
the greater the space velocity, the lower the conversion figure. 

Since the action GO + 2 H[i> — CHaOH is exothermic 124 Calories at 
350° C. or 662° F.), the amount of methanol in an eqiiili'briuin mixture 
of the three gases will be decreased as the temperature is raised : the 
reaction is favored by relatively low temperatures. Also, its tlic* pres- 
sure is increased the amount of mctlianoi rises, for the reaction involves 
a reduction in volumes, from 3 to 1, for the portion of the aasc-s whic]: 
reacts. At temperatures aloove 250° C. (4S2° F.) , less than 0.1 per cent 
methanol can be formed,-^ at atmospheric }>rcssure. wliile e.i 300 C\ 
(572° F.) and 300 atmospheres, for example, 45 per cent inetriaiiol fcjr- 
mation is possible. Table 55 gives the percentage of methanol at equi- 
librium; in commercial practice, the long time reqi:ired for eciuilibriun i 
to be attained cannot be provided, and therefore a lower conversion must 
be accepted. 


Table 55. — Pcra<^ttLa(/c ^Icthtniol <U EquUihrtn.m Ttalu> H .,/ C (J = 2 . 


Temp. 

® C. 

^ 1 

10 

Pressure 

50 

(at III. 
100 

absoi uto ) 

300 

eoo 

1 OGO 

200 

0.32 

2<S.10 

58.40 

71.95 

85.62 

90.70 

93.40 

300 

. . . 

0.25 

5.47 

15.62 

43.05 

59 .SO 

69.80 

350 

... 

0.01 

1.02 

3.69 

19.51 

37.11 

50.46 

440 

. - 

. _ - 

0.20 

0-85 

6.35 

17.30 

29.S0 

500 

. . . 

. . , 

. . . 

0.07 

0.61 

2.34 

5. SO 

600 

. . . 

- . . 

. . . 

... 

0.09 

0.37 

1.02 


The catalyst is so chosen that it hastens the reaction, and does not 
favor the formation of other products. The composition of the catalyst 
and the method of preparation, as well as the conditions of temperature 
and pressure which are found to be most advantageous, must be set. 
Construction and procedure must take into account the necessity of dis- 
sipation of heat from the granules of catalyst, as well as the need of 
preheating the incoming gases to reaction temperature. 


The original catalyst was 90 parts copper oxide with 10 parts zinc oxide, used t>y iPatard ; 
for the early history of the methanol developments, see Ind. Entj. Cherrt., 17, 430 (1925); also 
Brit. Patent 229,715 to a Badische Anilin. und. Soda IFahrik correspondent, reproduced in Ind, Eng^ 
Chem,, 17, 981 (1925). See also p. S59, same jonmal and volume. 

The Mittasch patent, U. S. Patent 1,558,559. 

21 XJ. S. Patent 1,844,857. 
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Tlie j 2 ;as mixture may be 70 per cent liyclrotj!;oii and 30 per cent carbon 
monoxide, or 80 per cent hydrogen and 20 per cent carbon monoxide- it 
may contain small or largo vohiincs of inert gas such as nitrogen, with- 
out harm,-- l>ut in the American i^^lants, the niti’ogen is either low or 
absent. The gas mixture of the proper composition is (‘(unpressed, and 
the pressure is chosen as low as 50 and as high as I ()()() atmospheres in 
different plants. It then travels through (ho eoiivert.er ehaiubcr of suit- 
able material as to strength, at a rate wl)ieh permits ti good conversion. 
Table 56 wall indicate the conversion which may be expended for various 
space velocities. 

The gas must be free fi'om sulfur, arsenic-, and ('\a-n <*a.rbonyls; tliese 
latter might introduce iron, and this metal as wcdl as nickel and cobalt 
must be avoided, for they c*atalvze the formation of methaiu^. 


TAiii.K oG. J\r ct/urtiol C rsloit. <ii 4^)0° il . (1^2^ F .) r' 


SpMC’.o Pri'ssurc C^niivcrsiori 

Gas laixturo volotuty Atm. l^cr cant 

CO H- 5Ho oOO lao 22.5 

CO -h 2.7H,. 025 204 26 

C(3 + 2H:, 3000 ISO 19.5 

CO -[- 2H, 7500 180 1(5.8 


* lud. Enu- Chciii., 20, 1111 (102S). 

The converter is preceded by iin oxcdianger in wliicdi the outgoing gases 
give xip much of their heat to the incoming ones. After the gas is com- 
pressed and heated, it must come in contact only with copper or aluminum 
surfaces; the converter is of nickel steel, cop])cr-lined. On cooling, the 
outgoing gas suffers liquefaction of the methanol formed; this is removed 
in a separator, and the unconverted gas returned to the compressors. The 
conversion is around 20 per cent. The criticuxl tcmi)eraturc for methanol 
is 240° C. (464° F.), the critical pressure 78.7 at.mosiihercs ; a slight cool- 
ing of the converted gas is therefore sufficient to allow licpTC faction. The 
syntlicsis is exothermic, furnishing enougli luuxt to run the process with- 
out outside heat source except, when starting. 

The methanol synthesis has been cinidoyed to rid the hydrogen-nitro- 
gen gas mixture for the direct ammonia synthesis from small amounts 
of carbon monoxide, as already stated in the introduction to this section. 
In such cases there is present a considoralile excess of hydrogen; con- 
versely, the percentage of carbon monoxide is low. It is necessary to 
have a highly active catalyst, so that tliis small amount of carbon mon- 
oxide might bo coinx>letcly transformed into methanol. Sucli a catalyst 
is obtained by melting together jniire cov>per oxide and any oxide of 
chromium, titanium, molybdenum, zinc, or manganese, breaking up the 
resulting melt into fragments, and reducing these in hydrogen at 250° 
to 350° C. (482° to 662° F.) . The copper oxide suffers reduction, leaving 

the metal; the other oxide is unreduced. The granules produced by 

\ 

-- In fact, it is rocommended in Brit. Patent 306,512 (1928) that an inert ^as be added and 
circulated, in order to dissipate the heat. 

-'a U. S. Patents 1,844,857 ami 1,844,129. 
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this method arc hard, highly porous, and very reactive at relatively low 
temperatures. 

The efficiency of this catal\'st is high, which means that the percentage 
of methanol (as gasj in the gas mixture leaving the reaction bomb is 
high for each unit volume of catalyst, at given pressure and teniT:>erature, 
compared with other masses. The metallic copper tends to dissipate the 
heat of reaction and thus favors formation of methanol. 

A catalyst so produced will cause as little as 3 per cent carbon mon- 
oxide in the liydrogen gas to react. Pressures of 200 to 300 atmospheres 
are suitable, but at 1000 atmosj^lieres the reaction proceeds smoothly. 

The methanol formed is removed b^^ cooling the compressed gas to 
between 0"^ and 20° C. (32° and 68° P.), wiien it liquefies: the residual 
gases are returned to the high pressure system and sent to the ammonia 
converters. Zinc oxide is avoided in the methanol converters, because 
it may allow a trace of metallic zinc to form, which the gas would carry 
to the iron cataK’-st, poisoning it. 

In all catal^Tic processes, the })reparation Cjf the catalyst is an impor- 
tant major opei-ation. For tlie methanol catalyst, the following 2 )repara- 
tion will serve as an example: Zinc oxide is stirred into a chrorniuin 
nitrate solution, and the whole evaporated to dryness; tlie Iieating is con- 
tinued until the nitrate is converted into oxide. The product is mixed with 
dextrin solution containing zinc chloride, theai dried and giaLiiuIated, The 
catalyst is packeal in the converter in granule form. 

On distilling the synthetic methanol it is fcjund to contain a liiglier 
boiling fraction, consisting of higher alcohols. An expianarioii fur their 
formation from methanol has been offered.-'" 

The term "•'methanol synthesis’^ has come to stand for a series of syn- 
theses from the oxides of carbon and liydrogen. The six main classes of 
compounds which are obtained arc shown below: 

-A1co1ioI:5 
Acids 

-Ptliers and esters 
-Aldehydes and ketones 
■Hydrocarbons 
■Cyclic comnoiinds 

The reaction achieved depends upon or is governed by the nature of 
the catalyst; with zinc oxide, as has been shown, the main reaction, the 
production of methanol, is favored, and the side reactions are repressed. 
Hy the use of cobalt metal with chromium oxide, for example, the forma- 
tion of hydrocarbons is favored. The desired side reaction is produced 
almost to the exclusion of all the others by the proper choice of catalyst, 
and especially by the use of mixed catalysts. 

Methanol is an antifreeze for the automobile, a solvent for lacquer 
manufacturers, the raw material for most of the formaldehyde made, 

2^ Brit. Patent 272,864 C1926). 

Higtier alcohols formed from carbon monoxide and hydrogen, by G. II>, Graves, Jnd. 'Eng. 
Chem., 23, 1381 C1931). 


CO -f- IT.> CHziO CH;.OH 

intermediate 



140 


nTr,<;TJUAT^ CITEMTm^R Y 


for iiicthyl chloride^ mid to a minor de 52 ;rce, a deiiaturant for tax-free 
alcohol. 

Xiie totcil for iion-(H:)al tar syiitlictic*. or^aiiic chemicals produced in the 
United Statens in 1935 was 1 ,591 ,895,576 pounds, valued at $1,750,000,000 
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Alciny oi* thc‘ reactions dis(nissc‘d in tliis chapter art^ caitalytic in nature 
Iiilscwhere in the book a number of others will hv. found in their proper 
place; some of tliese are indic*ated in X^ible 57, '‘Some tJattilytic Reactions 
of Industrial lniioortan<H.u- ' A few' i^eiuu*iil j*emarks re,^’arding catalysts 
and their function will sup])leinent the information o-ivon elsewdiere, and 
clarify some of the underlying; ujoncral inunoix^les. 

Xhe original dis(*overies, by Sabatiei-, <*onsisted mainly of hydrogena- 
tion of hydrocarbons in the vapor ])hasc, in (H)nta(*t with metallic nickel 
esi)e(ually, at ordinai'y ] )i-c's.sures. "V^o-day, nickel and other metals of 
the same type, <H)l)tilt, irt)n, co})p«.‘r and [)la(.uuim, iirc^ still used for 
liydrogenation, for exami)l<;^, iliat of vc^gcd.abh^ oils for tile', production of 
edible iind non-eclil^lc vcge(a))lc^ fats. 

There are two ways iii whicli ii cuitalysL nuiy lose its efliciency: one 
is by heat, the second by jioisoning. ]SIi<*kcd is sensitive to iin]:)uritie 3 , 
so much so that the hydrogen used must be absolutely pure, and the 
material to be hydrogenated must not contain any elements whicli might 
affect the nickel. The same applies to the other four metals listed. 

In the hydrogenation of mineral oil, in hydrofining, it is out of the 
question to usv ucli a delicate material as nicdvcl, or any metal sensitive 
to sulfur. Foi 'toly, a number of oxides have been found to have 
excellent hydrogejx functions, and at the same time are resistant to 

impui’ities, and, pi., riy cliosen, also to tlic deacti vaiting effect of con- 
tinued heating. Such hydrogematiug oxides are molybdenum, tungsten, 
manganese, vanadium, and cdiromium oxides, with alumina, magnesia, 
zinc oxide, and potassium <*.arl)onate as ]>romoting agents (used in small 
amounts) . 

Foi' hydration and dehy dratiem in the vai>or ]ihase, tlie oxides which 
arc most efllcient and duralile arc tlioria, alumina, tungstic oxide, silica, 
titania, and zirconia; iilso tlioso of tlio ^llkalies and iilkaline earths. 

The liydration of acctylcmo takes place in the liquid phase, and the 
most satisfactory material is mercurous sulfate. 

For oxidation processes the metals of the platinum series, as well as 
oxides and salts of metals whicli can exist in two or more states of oxida- 
tion, are the most important catalysts. 


duismiiAn Rkmahkis oisr Catax.ysis 

A distinction is made between atmospheric or low pressure catalysis 
and high pressure catalysis. As one would expect, the first work of 
Sabatier was at low jiressures, and only subsequently was the field of 
high pressure catalysis revealed. Different materials differently con- 
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2C0 + 211= 
CO + 3H. = 
CO - 1 - H.0 

lleact-ion 

-CtL + COa 

= CH4H-HaO 

= CO.+Ha 

C*atalysl. 

. Xi 
. Xi 
. F(' 

Temiieraturo 

"C. 

380 

240 

500 

Pressure 

Atm. 

1 

1 

1 

Heat effect 

exothermic 
('xo thermic 
exothermic 

Cal. 

60 =*= 

10 

CO 2 H- m, = 

= CIL + 2 HaO 






CO 2 + CH 4 

■= 2 CO + 2 Ho 

. Xi-fAlaO. 

000 

1 



CO H- m = 

syntliin 

. Co -4- Cr-0. 

270 

1 



CO H- 2 Ho - 

= CH;,OH 

. ZiiO -}- lOCo CraO;(fliiin]>s orl 

350 

200 

exothf'rmic 

24 



Igrainilf'.s J 





CO + 2 H 2 = 

= CH,.OH 

. 

350 

. 200 

('xot hermit? 


CO. - 1 - 3H= = 

-CH 3 OH I H 2 O 

Zno + lo-:; rr= 0 :, 

350 

200 

r’xoihf'rmic. 

M 

CO + H. = 

5301 ill ol 

. F(; -f KaCO. 

400- 

100 






450 




Coal -f Hii 


. none (.Tk‘rgiii.s) 

400 

100 



Coal H- Ha 


. IMoaO.t on AlaOs 





Min. oils H- 

Ha 

. MOaO.) on AlaO;t 


215 

('XollK'vmic 


C J-L -f- H 2 O 

-CHaCHO 

. IlgaSO., 

OS 

1 

('xolhi'i’inic 

28.14 * 

CHaCHO H- iOa - CILCOOIT 

. MnSO 

25 

2-3 

exoilfennic 

5f).6 

Na + 3 H 2 = 

2 NIT 3 

. F(‘ grA sii 'villi «lonl)l(‘ 







lB'()ni()i(‘i ’norienn) 

475 

300 

('XollK'rmit*. 

11.89 t 

iNlH 50. 

=-<IN0 4-GlL() 

. JM gjiiiz(' 

1025 

1-3 

exoiheriiiic 

214.2 

SO. + iO. - 

-SO. 

I’l ; or Vv( )r, 

500 

1 

('XoflK'rmic 

22.0 

* Calories (Iiirpe) evolved for lh<‘ reaetidn : 

H AvritO'n; t tor 17 ^^^■llms of ammonia. l!xolhermie 

means AvilJi (‘v 

(tlulidii of .seiisihle lieat to the out- 

side; the chemical .system involved loses Ihe et 

iirespoiidinj:; amount of Jjeat, and is 

lhen-loH‘ wntte 

1 a minus 

sijrn in Ihermodynamies. 
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IXDVSTHIAL CHEMISTRY 


.^triicteci iiad to he devi.^ed to withstand the high pressures at the elevated 
temperatures, and the accelerated chemical activities on container walls. 
A vast amount of information on the compressibility of gases and gas 
mixtures, on the flow of compressed gases tiirougli narrow bores, on chemi- 
cal equilibria, had to be obtained, before the present state of development 
was reached. The application of catalytic reactions to the industrial 
processes has only begun. 

It was formerly held that a catalytic agent accelerated a reaction 
which was slow, but could take place of itself. It is well to modify this 
in two respects, and to say: A catalyst hastens a slow, or even very slow 
chemical ciiange, whicli, however, must be thermodynamically possible, 
and, when several products are obtainable, the catalyst is caj^able of 
directing the reaction. 

Any substance which accelerates a reaction is a catalyst; it may be 
a dissolved substance in a iicuiid in which gases must in their turn dis- 
solve, such as the violet acid in the sulfuric acid-nitric oxide chambers, 
or the iiydrogen chloride and tin compounds in some of the hydrogena- 
tions of tars and coal to give motor fuels. The contact catalyst is fre- 
quently a solid, which is exposed to the gases, vapors, or to the licjtuid in 
which the reaction is to take place; the solid may be in lump form, or 
pcjwder; it may be by itself, or it may supported on a “carrier,'^ itself 
inert. 

Tlie activity of, let us say, a metal surface in the case of hydrogena- 
tion resides at the surface of the metal. A comparatively small number 
of the surface atoms project into space, and are unbalanced with respect 
to their chemical affinities or valence. (See Fig. 161.) These projecting 


Figure 161 . — Tlie surface of 
metallic nickel, en- 

larged to show llie cafalyli- 
cally active centers formed 
by protruding atoms. (After 
Taylor.) 



atoms form intermediate compounds, or complexes with the hydrogen; 
the forces involved are not distinguishable from the common chemical 
forces. If such an active center or a near-by one can also attract the 
sG^cond reactant, such as carbon monoxide, similarly distorting its normal 
structure, the two substances can meet while in the active state, and read- 
ily form a new grouping. Questions of adsorption are of the first impor- 
tance; in some cases adsorption stops the process. For example, 3 per 
cent carbon monoxide in hydrogen will retard the ammonia formation, 
because the monoxide is adsorbed by the surface, thus preventing the 
approach of the hydrogen. The monoxide is then spoken of as a poison. 
Promoters in this theory would be substances W'hich distort the crystal 
lattice in the catalyst still more than it normally is; in other cases, these 
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r>romoters would be able to form the temporary complexes with the 
reactants, necessary for the rapid change. 

Tlie role of temperature will be a compromise between two or more 
effects: it must not be so high that the adsorbed atoms and molecules are 
driven off so fast tliat no or little reaction can take place; yet it must Vje 
hisrh enough so that the activation of the reactant molecules is a maxi- 
mum, and that very little additional force at the contact surface will 
suffice to form the adsorption complex.-^* 

A figure in constant use in catalytic reaction studies is tiie si^aco- 
vclocitv, by which is meant the volume of reacting gases passing over one 
liter of catalytic mass per hour. The volume in question is the volume 
of the exit gases, calculated to normal conditions of temperature and 
pressure, while the volume of catalytic mass is tlie volume occupied by 
the mass as spread out or packed in the reaction vessel. 

Tiic greater number of catalytic reactions presentcvl in these chapiters 
are iieterogencous, that is, involve two or more phases, such as solid and 
gas, or solid, liquid and gas. A homogeneous catalytic reaction woTild be 
the inversion of sucrose in solution by a dissolved acid. A heterogeneous 
catalytic reaction involving three phases is the hyrlrogenation of eriible 
oils, in which hydrogen (gas), the oil (liciuid) and the contact substance, 
nickel (solid), participate. 


HyDROGEI^ATIOjST and OxiD.ATlOX OF H VDROCARBON S 

Among the most important catalytic reactions are those whicli incor- 
porate into a hydrocarbon from natural sources, such as naphthalene or 
benzene, hydrogen or oxygen. The solid naphthalene, on gaining 4 hydro- 
gen molecules, turns into the liquid tetralin; on oxidation, the licjiiid ben- 
zene turns into the solid maleic acid. A great variety of products nave 
been obtained, and they might indeed, as suggested in the introduction 
to this chapter, be called semi-synthetics. It is, however, customary not 
to make the distinction, but to speak of them as synthetics. 

Tetralin. Naphthalene vapors mixed with hydrogen tvery pure;^ 
are passed over nickel held at 150° to 200° C. (302° to 392° F .) , at 
ordinary pressure; tetralin is formed :CioHs 4- 2 II 2 = C 10 H 12 - ZSapn- 
thalene*^ melts at 218° C. (424.4° F.) ; tetralin boils at 205° to 207° C. 
(401° to 405° F.). This is a hydrogenation in the vapor phase. 

Naphthalene ma 3 ?' be melted in an autoclave with stirrer and nickel 
suspended in it, very much as is done for the h\''drogenation of edible 
oils; at 140° to 160° C. (284° to 320° F.) hydrogen is forced in under 
a pressure of 30 atmospheres. Tetralin is formed. On long-continued 
hydrogenation, decalin is obtained, largely. CioHs 4- 5 II 2 = CioHis- 
Tj'he latter substance is more expensive to prepare, and has no great 
advantage over tetralin, so that its industrial importance is small. 

^ For tlie theory of the mechanism ot catalytic processes, see “Eighth report of the comixxittee 
on contact catalysis,” J. C. W. Frazer, J. PHys. Chem., 54, 2155 C1930)- 
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Benzene va?>-:n\s witli hydrogen over iiiekcl at 140' C. 1.284' F.) give 
eyclohexane CoHg — SHj = CrMiii. a liquid. Expressed graphically; 

M 2 

li,.- iL> 

: H- = 

If. 

M 2 


Plieiiul hy a similar jn'occdure gives cycloiiexaiud. 

Plitlialic Anhydride. By controlling the oxidation by air of nat>h- 
thalone, a good yield of plitlialic anhydride may be obtained; the catalyst 
is vaiiatliiim pentoxicie, at an elevated temperature. TL his tvas one 01 the 
Citrliest triumphs of catalytic chemistry outside of the sulfuric acid syn- 
tiiesis. By controlling is meant arresting it at a cc^rtain stage., for sliould 
it ].M.r alh.)\vc‘d to procecrl unciieckcd, only carbon dioxide and water would 


I ) o. t lie r o du c t s . 

In trie mr^st siiCi'esslui cu 
1 i 1 a. I en e va i s < j r s : roni 1 .m >i 11 n ct 
:i:lx5ng (‘hamber. aiid jaissed 


the coiiinu^rcial instttllations,-” air and 
na.phthalene are thoroughly mixed in 
f)^'er the caitalyst in numerous square 


naj Ht- 
a hr?t 
tube.-. 





FKifRL: 162. — Air-hydrocarbon oxidation. Singl<.‘ 
tube, with catalyst mass 2 .; Ie\'cd of mer- 
in the jacket 5; total condf‘ns(-r for 
Iho iiiercuiw 8; ] indicating ]jart of reaction 
tu'bc 7. In tiic full size instalhition , a nest 
.jf lubes is u.sed. 


kept at about 357"^ C. 1.674.6 F.j, in a downward direction. Figure 162 
will illustrate the disposition. Around the tubes a small body of liquid 
mercury is gently boiling. The converter consists of a nest of such tubes 
set in mercury, the whole surrounded by an outside jacket; the latter car- 
ries a vertical tube with fins which acts as an efficient condenser for the 
mercury. As the hydrocarbon and air react (on the surface of the vana- 

^ TJ- S- r*atent 1,374.720; for the Dasic patent of Gibbs, jsree 17. S. Patent 1,285,117. See alfio X7. S. 
Patent, 1,444,068. In 1S30, the Gibbs patent was cancelled, and U. S. Patents 1,787,417 and 
1,787,415 were issued to Alfred W'ob.l, for the same process. These were attacked in court by 
the government, but in 1934, the Wohl patents were upheld and declared valid <is&e Chapter 40). 
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diuiu peiitoxide) ,, much heat is evolved; it passes through the vail of 
il:e square tube to the mercury, which consumes it by vaporizing. In 
that way, the temperature is maintained near the boiling point of mercury, 
357“ C, (674.6^ I"-)- The catalyst tube is empty for its upper half, and 
rhis part becomes the preheater for the incoming gases, which are alreadv 
ar an elevated temperature. The main reaction is 



/ui phthcilene 
^'wJiite .solid) 


A- 4iO« 




e 




o 
a 

_C=( > 




+ 2 C’( 


j} fi (hal ic. a n fi yd r idi' 
( white siiiid ) 




To a certain e^xtent, benzoic ardtl CtjTI- - C '( ')( )H aTici naphthat luim .ne, 
<) 

i / 'j are formed, and are collected with the anhydridie, while the 
O 

gase.s i^ass out. A 72 per cent recovery of ph.thaiic anhydride is fea.sible; 
it i.^ isolated by sublimation, and is p;it on ihc^ niarkc^t in the :tn*:n ei* 
dake.s and "‘crusts.” 

In the original inst allations, the catalyst was made Ijv dipping asl^es- 
:os fibers in arnmoiiium vanadate, and activat(‘<i by |>assing imt air ihroiigii 
it; instead of asbestos, piimiec^ may be used. Tlie s(iuarc tubes as cata- 
lysts carriers are used because^ tlie ratio of surihice to content is g:*eater 
for a square tube than for a roiintl one of same height and same cubical 
content. It should be noted that this oxidation is perfcn'uied at arnios- 
]>}ieric pressure. The temperature may be varied by ojjcrating under 
slightly higher pressures. Instead of mercury, liquid sulfur may be used,-'' 

The yearH^ production of phthalic anhydride by catalytic oxidation 
in the United States is over 23 million pounds (1935). 

Maleic Acid. In the same apparatus serving for phtha.lic anhydride 
]U‘oduction, maleic acid is formed by the oxidation of benzene at a siighrhc 
liigher temi)erature. A recovery of 60 per cent is consiclered gou«ri. 


CaTc-h4K)o: 


CII.COOII 

cri.cooii 

maleic acid 
(white solid) 


-h-2C02-hIT4> 


err . cooir 

CII.COOH 
maleic acid 


, CPI. CO. 

-Pheat= -- O-t-rPV) 

cri.co- 

maleic anhydride 
(white solid) 


IVIaleic acid may be hydrogenated to succinic acid, or hydrated to 
malic acid ; the latter is a substitute for citric acid in beverages. The 
esters formed from these acids in the standard way are valuable for their 
odor, and solvent properties. 

=8 XJ. S. Patent 1,547,167. 
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C H . COO II CH. - COOil 


CH . COOH CH(OII) . COOH 


CII-COOH-t-H^ =ch,.cooh 

succLiLic acid 
(whine solid.. 


cii.cooii- HcO^ciIo.cooh: 

malic acid 
(white solid; 


Purification by Catalysis. The best available anthracene of com- 
merce contain^ 30 to 50 per cent anthracene the chief impurities 

are carbazol and phenanthrene It has been found pos- 

sible to effect a purification by catalysis. The crude material is mixed 
in var;or form vdth air \ 1 to 35j by spraying tlie melted crude into hut 
air; the mixed gases are passed over a properly chosen catalyst at 350= C. 
(662= F.y The carbazol is destroyed, while practically all of the antlira- 
eene and i^henaiithrene are recovered unchanged. The plienanthrene may 
now be isolateti by the use of a solvent, leaving a 90 to 99 yyev cent 
anthracene. A catalyst which favors the total combustion of carbazol 
and at the same time leaves tiie anthracene unaffected is made by suspend- 
ing titanium oxide TiO- in a water solution containing 12 parts of potas- 
sium hydroxide, cyankie or iiitraie, either singly or mixed ; this suspension 
is coated on pumice broken to pea size, and dried. A number of othei* 
formulas are ava.ilabie.-^'' 

A high-g:rade anihraeeno is also obtained dissolving crude anthra- 
ceme in furfural, and crystallizing.-'^ 

Ilelated reactions are shown in Table oS. 


Tabi-I-: 58. — // 

ami 

Dxtda i t ij ft 1 }f 

Xaiural O 

I'tjautc Cum jHMi nd,s. 



TwiiO. 



Cvjij ipijuri.L 

Catiilyst 

^ O. 

Atiu. 


XiudiThalene 2H. 

Xi 

150-200 

1 

telralin 

Benzene — 31i- 

Xi 

150-160 

1 

cwcloiiexano 

Pherad - 3H« 

Xi 


1 

eyciohexaiiol 

Bf/iizt/rie -r -iXj-j. 


400-440 

1 

maleic acid 

Xaphthaieiie — 4p")- 


350-400 

1 

y.ht ha lie anhydride 

Toluene- -f- 

MoOn; TLXT 

400 

1 

benzoic acid 

Anthracene -f ItO- 


400 

1 

ant hraquinono 


Otker Pate>:ts 

IT. S. Parent 1,598,560. on the absorption of ethylene in sulfuric acid, then with 
water to form c^lhyl alcohol; 1,599,119, ethylene and sulfuric acid to make neutral 
ethyl sulfate; 1,574,796, on ethyl sulfuric acid and ethyl sulfate from ethylene and 
sulfuric acid, catalyzed by ferrous or cuprous salts; 1.460,545, production of ethylene 
from ethane in natural gas; 1,402,336, production of ethylene from ethyl alcohol; 
1,779,710, ethylene glycol ester of abiotic acid; 1,569.775, on the absence of exposed 
iron in methanol .s\'nlhe.sis, and a chroniiiim oxido-inanganese oxide catalyst ; 
1,73S.9S9, on methanol synthesis; 1.S24.S96- on formaldehyde formation followed at 
once by hydrogenation with the aid of a second catalyst; 1,861.841, on dehydrating 
aqueous acetic acid with carbon tetrachloride; 1,875273, in’oduction of methyl alco- 
hol by passing gaseous mixture of hytirogen and carbon monoxitle in contact with a 
hot catalyst mass comprising 50 per cent by weight of reduced copper, 300° to 
4(X>° C- and 5 to 300 atni.osi>herGS pressure; 1,961.736-7, forming acetic acid from 
methanol and carbon monoxide. J. C. Oarlin and Is. W, Krase ; 2,031,475, oxidizing 
catalysts, to J. C. W. Prazer; 2,040,233, preparing contact catalysts; 1,925,602, on a 
stabilized solvent for metal degreasing; and 1,907,875, on an apparatus for that 
purj^ose. 


Eng. Chem.. 20. 1S30 C1928>, 
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Problkms 


1. The inanui actiiro of elhylene "lycol con.’?i.<ts of treating ethylene clilorhyririii 
vvith a ^’oiiition ot sodium bicarbonate. The chemical eouation is gi\'eii in the text. 
I'he chlorhydrin is made^by the action of ethylene on hypochlorous acid. The hypo- 
riilorous acid is liboratco. at the moment it is to react by the action of chlorine gas 
:;:n a solution of sodium hypochlorite. This substance in tuz'n is made by the action 
tji chlorine on a cold solution of caustic soda. 

The chemical reactions are given in the text. 

(a) Assuming the yields to be^ 100 i>er cent, find how much chlorhjv'drin was 
rcQuired to make 1 ton of ethylene glycol; and how much hyr.>oc‘hI orous 
acid and ex hyleiio to make the reciuirod ethylene chlorhydrin ; how rn;:ch 
sodium hy] >ochlorit e 1o obtain the necess;iry hy| lochlorous acid; how much 
chlorint^ to ]>r(aluce* the sodium hyi >ochloriT(‘, ami which second amount i 
lilierah' th(‘ frcc» hypochlorous a.(-id. 

(b) Yot th(‘ r<‘actiori for the ftunnat ion of the glycol from the chlorhydrin be 
realized to the t'xterit of 90 per cent, and the on?? for the formation tjf 
chloi*hydrin from methylene and hypochlorous aci«l also to the c^xteiit of 90 
per cent; what will be the amount of each of the items listeii in fa':? 

f'e) Express the required amoiint of ethylene in c*u})ic feet at 62“ F. and 1 atmos- 
I»here'\s pressure; the weight for one cii]:>ic foot is 0.073S T»oiind. 

2. The formula for the heat of reaction for the formation of methanol in g;is 
form from cairbon monoxide and hydrogen is 

A// === — 18,050 — 19.54T d .015867"^ 

It applit's to any f (un j a *rai ure ; the heat A’aiiie is found by s'. ibsr iT ut ing fur 7' ri;- 
t^'inperaturo of reaction in absolute degrees (or fiegreos Kf'lvirx). 

This expression is derived from the free enc'rgy expression 

AE = — 18,050 d- 45.007" . Iog,o7’ — .015,867^-' — 69.47’. 

The change in free energy for a reaction i.s of more iinporlaace ami infiia iice Than 
I lie heat effect. 

The exact value for the heat of reaction in the tabh' is Aff*;-"- = — 24.059 graui- 
calories or — 24.059 Calories. Chof*k this value, and find the herd elYr-ct ftjv 400“ C'., 
300' O.. iind 325° C. Compare the r(\sults. "In e\ery case, if is for how imany 
grams of methanol ? 

3. The reaction for making m(dlianol is 2I-ij d- CO — CH:'.()H. In oi-fler to make- 
100 gallons of methanol 100 per cent ]>ure, how much hydrogen l>y weight will 1 >o 
required; how much by volume at 0° C. and 1 atrn.? The reaction is inc.de zo 
take place at 300° C. and 1000 atrn., so that the gases entering the catalytic cham- 
ber are put under that pressure and raised to that tempemturc. What will l?e the 
volume of the entering gases which actually do react? 

But the conversion is 25 per cent; what- is the weight and volume of the gasf s 
sent into the converter? 

The catalytic volume is 10 liters; with the outgoing iiiethanol assumed to 
remain ga.soo\is. and the 100 gallons to be obtained in a period of 10 hoxir^, v.’hat 
is the sx:>ace velocity? 

Calculate the volume of the compressed gases in two ways, lirsr, according to 
the gas laws; second, with the use of the compressibility coefficients: 


Temp. Pressure 

“ C. Atrn. 

0 1 

300 1000 


Hvdrogen 

1 

2.8157 


Carbon 

monoxide 


1 

3.3203 


Mcihanol 


1 

3.3 


{Comjyare, problems in Chapter 6.) 

4. Chlorhydrin, OH . CH- . CH 2 . Cl, reacts with ammonia, XH.*j, to form three 
amines, 

Monoethanolamine (C2H40H)]SrH- 
Diethanolamine (C 2 H.tOH) 2 ]SrH 
Triethanolamine CC2H*OH)3]!?7 

These in turn are capable of reacting with acids such as stearic acid, CiTHKiCOOH, 
to form soaps which are excellent emulsifying agents. 
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fl,' coiiimeroial tric-rlianoiamine to contain 17.5 eon?: DEA, 

5.0 Tjor cent ZSIEA., what is the theorerical 3 ’ieid Ironi 1000 ibs. of chior- 
Iiydrin? 

*,2 i Whii .1 is the- combining weight oi tiie commorciai TEA.? 

'.3) ‘\Vh..it weight of XHh is roqtiirod for making i.he TEA. in (2.)? 

,4; What weight of stearic acid will combine with the commorciai TEA. fo!‘mc;.i? 
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7'hrrfi/ah h^s arfirftu in fri/ffstutj>>\ the chcrnf.-^t has become 

intr rented 171 . dye arjplicatio77 . the scieJia of iisnig the proper dye^ irhetker 
rn't iff dal O'r nfitural ^ to 7' a giL'en fiber. 

Chapter 26 
Dye Application* 

In the application of dyes, two main factors liave to be observed: 
the character of tlie fiber, and the properties of the dyesttiri. 

The rharoi’fer of the fiber: Cotton consists of pure cellulose: it has 
very %veaK piroperiies, either aei<i or basic. Sillc and wool in contrast 
to cotton have pvanuunevd acid and basic properties. Consecpiently dye- 
sturis with pronounced aeifi or ba.sie properties can be applied directly to 
wool and silk: to cotton only special classes of dyes, amoncr others tlie 
benzidine group, are direct dyes, and are used in the form of tlie sodium 
salt. In addirion, coloring mattc-r mav lie fastened onto cotton in a 
roiirchiboiit wiiy, by means of an intermediate compound, as in mordant- 
ing, or by building rhe dye in stages cm the fiber. 

The proj)rrfifs of the d yestuffei, wlieiher acid or liasic, soluVile <»r 
inscsliihiie, re<Iuci'ole or not, must be considered in their aiiplication ; vari- 
Ciiis classes of dyes roriuiro difterent methods. 

Tim CilAKAOTKR OF THE FlBEK 

Cotton. CMJncentratcd sulfuric acid dissolves c*otton, and oii 

diluting with water, dextrin is precipitated. AVarm dilute sulfuric a.cid 
foi-nis hydrocelluioso f hydrated cellulose I and the fibers swell; in the 
cold, diluted mineral acids iiave no action. Organic acids at room teni- 
peratcire haA'c no actioPi: at Iiigher temperatures, the strength of the fiber 
is weakened. Oiliited ea.ustic, or milk of lime boiled with cotton with- 
out access oi air. Iia.ve no action, but in presence of air, there is formed 
oxy ce 1 1 11 1 o s e . 

Concentrated alkali- causes the cotton hlamcnt to swell and the walls 
of the nber to become cylindrical, resembling tiny glas.s rods. If the 
caustic treatment is performed while the cotton is under tension, so that 
tlie fiber cannot shrink lengthwise, the cotton deA^elops a silk-like lustre. 
The process is called mercerization of cotton. The affinity of the mercer- 
ized thread for dye is much greater tha.n the affinity of the untreated cot- 
ton, due to the oxy cellulose which has been formed . 

Silk. AVhile cotton consists of a single substance, cellulose, silk con- 
sists of two: the fibrous substance, fibroin, and the silk gum, sericin. The 
silk gum covers the fiber: it is soluble in water and soap and can be rap- 
idly removed by boiling, while the fibroin is insoluble. The silk threads 
of commerce are fibroin; and it is to this part of the original substance 
that the following remarks apply. 

Tr coIiaboratfoR wstii Itol>ert ICiioch, CSaseO. Oonstiltinj; CheiRist for Dyes, of Buf- 

falo, X- Y. 
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Concentrated mineral acids destroy silk; diluted acids are readily 
absorbed by silk; wool is acted on in the same way. Hot caustic soda 
will dissolve silk completely, but not so fast as wooL 

Tin, aluminum, and iron salts are adsorbed by silk as well as b^’' wool, 
with the formation of a metallic hydrate or an insoluble basic salt. 

Affinity of silk to coloring matter is in general lower than that of 
wool; for instance, acid colors on silk are not as fast to washing as w'hen 
applied to wool. 

Wool. Diluted mineral acid does not affect wool, except that the 
acid is retained by the fiber tvith great tenacity ; it cannot be removed 
'by 'boiling with water. This is well shown as follows; Wool which has 
been treated with dilute sulfuric acid and then washed with boiling water 
several times until the water shows a neutral reaction, may be dyed in a 
neutral bath with a dye which ordinarik^ is applied in an acid batln 

Wool is readily attacked by alkali; the higher the temperature, the 
more ready the attack. 

This fiber behaves toward dye in different ways according to its origin, 
so that it is essential to obtain the wool from the same source, or be ready 
to make preliminary dyeings; but in ail cases its affinity for (lye is greater 
than that of silk, as was stated in the previous division. It will be remem- 
bered., too, tiiat both wool and silk have a far greater affinity for dye than 
cotton. Wool lias pronounced acid and basic jiropt^rties : it nmy be c*(?n- 
sidered an amino acid. It is classed as a i)rotein sulistancc*. 

Aluminum sulfate., ferrous sulfate, chrome alum, and other salts with 
acid proiierties are adsorbed by wool roa<lily; neutral salts are not 
adsorbed. The application of salts to wool is called mordanting; although 
important, it is less so than the mordanting of cotton. 

Artificial Silk. In this new fiber, a distinction must be made between 
viscose silk, or rayon, and the cuprammonium silk, on the one hand, and 
acetate silk, on the other. The first two are essentially cellulose, and 
behave like cotton; they may be dyed in the main by means of the cotton 
dyes. Acetate silk is cellulose acetate, and has different properties; its 
affinity for dyes is distinct from the affinity cotton shows. Special dyes ^ 
have been developed, among others, which are colloidally dispersed aiiiido- 
azo intermediates. The material is adsorbed by the fiber and is devel- 
oped as described under Developed Dyes. Acetate silk is attacked by 
caustic soda, a hydroxyl group replacing the acetyl group. This may be 
turned to advantage by allowing only a slight attack and then applying 
dyestuffs which would not be received were the hydroxyl groups not 
present. 


The Properties of Dyestuffs 

Dyestuffs are chemical compounds which have the property when 
in solution to color permanently, wnth or without the use of auxiliary 

^ Chemical. ’N'evos, 128, 19 C1924), also a number of articles in volumes 14 and 15, of tlie AitieTlcai\ 
Dyestuff Rejtort&r. 
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agents, the animal or vegetable fibers. They may be divided into natural - 
and syntlietic dyestuiTs, with the latter class now the most important: 
but the color chemist divides all dyestutts rather on the basis of wiiether 
they cam be applied to tlie fiber directly or whether preliminary treat- 
m£'nt is necessary. From his point of view, dyestuffs may be divided 
into, a, direct dyes for cotton, b, direct dyes for wool and silk, and c, indi- 
rect dyes (developed dyes) . This system of classification vvdll be used 
in the following discussion, but first the meaning of the terms acid dyes 
and basic dyes will be made clear, because these expressions are in con- 
stant use. 

Acid dyes are dyes which have a pronounced acid character: they 
are mainly sulfonic salts of azo bodies, or sulfonic derivatives of basic 
tiyes: but acid dyes do not include the direct dyes for cotton, such as the 
benzidine class, even when these coiitaiii an acid group. 





^OJl 

J'fiiaic'j arc rzcid (lye" 

Basic liiyes are hydrochlorides, sulfates or oxalates of organic bases: 
by the latter is meant a substance containing besides a benzene or otiicr 
aromatic nucleus, an amino group or certain other groups containing nitro- 
gen. Thias Bismarck Brov/n is the hydrochloride of a basic azu dye con- 
taining four amino groru^s: 

X H 2 ' " .. x=x " ; X K o . I r c I 

HCi . Ii...X X=X XI I ..V 

LRciniaj'cfs Rrotcn. a dye 

Other basic dyes are IMalachite Green, which is a tripiienylmetliane dye, 
and ^Methylene Blue, a thiazine. 

Birect Byes for Cotton. Direct dyes for cotton are sodium salts of 
the bcmzidiiies, priniu lines, and a few others tvhicli contain the sulfonic 
^SOiild) or carboxyl (COOH) group: such sodium salts have direct 
afhnity for cotton, but the corresponding free acid dye has not. They 
are applied in a neutral or slightly alkaline solution. Examples: Congo 
Pi.ed and Brilliant Yellow. 

Birect Byes for Wool and Silk. Acid dyes are direct dyes for wool 
and silk; they are manufactured and shipped to' the textile mill in the 
form of the sodium salts of such dyes, but the dye bath is made acid by 
adding sulfuric or acetic acid, so that the free dye is formed, that is, so 
that the sulfonic or carboxyl groups are free: in that state the dye is 
readily adsorbed by the animal fiber. 

2 Areta.s^ of cultivation and x^rodnetion for natiaral dyestuffs will be found on p. 54 of 

nut.nan:;’? Kcariomic Atfurf, Londoii:, Oeorge Philip and Son, Ltd., and Xew York, G. P- Putnam’s 
Sons, 1925. 

b.exa-gon. stands for benzene. Cell®; wiicai a group fthus — SO;^) is attached to tne 
rinij, it is understood that the hydrogen at that place is missing. 
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The basic dyes are direct dyes for wool and silk. 

Indirect Dyes. The basic dyes are indirect dyes for cotton, for the 
latter must first be treated with tannin; the tannin is the mordant, and 
tliis use of basic dyes entitles them to a place among the mordant dyes. 
Among these latter, the tannin dyes are relatively unimportant. 

Mordant Dyes. These comprise in addition to the above, those dye.s 
which require preliminary treatment of the cotton with a metallic salt 
.solution, followed b^^ immersion in an ammonia solution, before the dye 
is applied. The ammonia treatment precipitates insoluble metallic 
iiydroxides on the fiber and in the fiber; to this hydroxide, the dye becomes 
fixed in its turn. These insoluble, stable, colored compounds of metal 
and dye are termed “lakes.” Alizarine, originally a natural dyestuff, 
MOW made altogether syntlietically, is an example; it gives diffei’ent colors 
with different salts, red with aluminum or tin, red-brown with calcium, 
])l;ie-black with iron, and brown with chromium salts. A total of over 
200 dyes, derivatives of alizarine or closely allied to it, lorin tlie class 
called alizarine dyes; the original alizarine, wliich is also tiic simplest, 
is still widely used; its formula is given in the next cliapter. 

dirome Dyes. A direct dye is first applic'd to wool, tliC only fiber 
which is chrome dyed, in an acid bath; the wool is tlien given a treat- 
n:ciit with a solution of sodium dichromate, resulting in the formation 
of a chrome lake on the fiber. Example: Diamond black. 

Sulfur Dyes. Sulfur dyes are cotton dyes; they must be reduce<i 
with a solution of sodium sulfide (Xa^S) , forming a soluble coinpounrl 
called leuco ^ compound which is adsorbed by the cotton. Tlie dye is 
then re-oxidized, called development, in the air, and the insoluble sulfur 
dye is thus re-formed on the fiber itself. Such a process of re-forming 
the insoluble dye from its soluble leuco compound makes it extremely 
fast. Examples: Sulfur Black, Sulfur Blue. 

Vat Dyes. Vat dyes are also, like the preceding sulfur dyes, cotton 
dyes; and like these, are insoluble in water. They are reduced with 
sodium hyposulfite ^ (Xa^S^sO.!) with formation of the soluble, colorless 
or sliglitK^ yellow leuco comioounds, which are readily adsorbed by cot- 
ton. By exposing the treated cotton to the air, the original insoluble 
dyestuff reappears, fixed to the fiber so that it cannot be washed out. 
Examples are Indigo and Indanthrene ; both are fast, Tndanthrene 
extremek’' so. The formula of each of those substances is given in Ciiap- 
ter 28. 

Developed Dyes. The develoi:)ed dyes are insoluble. They are manu- 
factured in stages, directly on the fiber. In the case of Para Red for 
example, the cotton fiber is treated with >3-naphthol dissolved in caustic, 
and then passed through a diazotized paranitraniline solution; the for- 
mation of Para Red takes place on the fiber. 

^ The term leuco compound is applied solely "to the soluble reduced body formed from the 
insoluble dye by reduction. 

^ The correct chemical name is sodium hyposulfite. It is erroneously called sodium hydrosulnte 
or hydrosulfite in the trade. 
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F*ara Red 

Another xirctiip ai ( leveloi'JCMi dye^s involve direct dyeing; Ijy mean.< oi 
ti fiirect riye, ful]<.>wed by diazotization on the fiber, and tiiis in turn by 
coupling:, :fO that another intermediate enters the molecule; it is a com- 
bination of flirect dyein,^ and devel(jx>ed d^v’cing- These ox^erations render 
the dye fastt^r, that is, more resistant washing and light. As exainr:>]e. 
Zambesi Black iiivtdves the following operations: The direct dye whose 
molecule has the composition 

Clic Oli 

I i 

x=x-, '.:X==X 

bCHn ;■ I 

HOr.4 


is applied to cotton as a direct dye; tlie C(3kJr is black with a red tinge. 
Tlic gexids .are rarv ptissed into a bath containing sodium nitrite and 
acid., when tiie amino group marked ^ is diazotized. ZSTcxt the goods 
are passe«i tlirough a solution of ^^-naplithoi, which coux:)ies on the now 
iliazo grc. 'up, forming a full, deep 'ola-ck. Tiie reaction for diazotization 
ami tiie one for coupling are given in the cha.pter on dyes. 

Concentration of 30ye on tlie Fiber. A light siiade is obtained with 
1 per cent dyestuff on the fiber, iieavier shades by using 2, 3, o, or even 


8 i:>er cent. In all cases the dve bath 


worked until exhausted, fre- 


quently with tiiC addition esf Qlaiiber salt which tends to render the dye 
less soluble. It must be especially noted i!iat by 1 per cent is meant 
1 per cent of the weight of the nber; the percentage has nothing to do with 
the strength of the solution. 


Mixing to Type. Dyes are manufactured in batches of 1000 
Xiounds, in most fa.ctc.>rics. IX'o two btitches arc exaetK^ alike. In order 
to obtain regularity of sha.de, a number of batches are mixed to give an 
average shade, which is calle^d the tyi^e. Blending the various batches 
together is known as ‘‘mixing to typer'' A difference between the various 
batches would hardly be detected by the average person; to the trained 
eye it is evident. 


Prockss of Direct Dyeixg with Acm Dves 

Silk. Silk is placed in a bath containing the acid dye dissolved in 
the form of its sodium salt together wdth soap ; enough dilute sulfuric 
or acetic acid is added to make the bath weakly acid. The dye bath is 
cold or lukewarm. 
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Tiie dyes which may be used are, among many others: Ponceau, 
Crocein Scarlet, Eosine, Acid Puchsine, Phodamine, Pose-induline, Cro- 
eein Orange, Azoflavine, 2^Iethyl A^eliow, Tartrazine, Patent Green, Alkali 
Blue, Patent Blue, Induline, Resorcin Brown, Xaphthol Blue Black, Xaph- 
ihol Black- 

Wool. The dye bath is charged with the necessary amount of acid 
dye which dissolves, again in the form of a solution of the sodium salt: 
2 to 4 per cent sulfuric or acetic acid is added in sufficient amount to 
liberate the free dye. The temperature is raised to 40'-50- C. and tfio 
Vv’ool introduced. Ten to 30 per cent Glauber salt (Xa:iS 04 . , 
based on the weight of the wool, is added and the batli slowly iieate4i 
to boiling by direct steam. The dye leaves the bath and attaches itself 
to the fiber. If the dyestuff goes on too fast, the cloth is blotcliy: this 
may be prevented by adding aluminum sulfate or acid sodium sulfate 
instead of sulfuric acid. 

A slight modification of the method consists in dissoK ing the sodium 
salt of the dye for tlie bath, introducing the wool, and then adding tl.e 
acid very slowly, in small x'><^i‘tions. 

The dyes whicli among others may be used fen* wotjl art* thi‘ same as 
listed under direct dyeing of silk with acid dyes. 

Cotton. Before dyeing, cotton should be placed in a stja|) solution 
for an hour; it may then be introduced into tlie dye bath containing 2 its 
5 pounds of dye for each 100 i^ounds of cotton, either as yarn in skeins, or 
as cloth; this is expressed as 2 to 5 per cent. C')ne of the following salts 
is added to the d^^e batli: Glauber salt, common salt, boi*ax, so(/iiuni ]>hos- 
phate, ammonium carbonate. The bath is tiien brought to a boil and 
maintained there for some time, until the bath is exhausted of dye. Ti:e 
function of the salt added is to diminish the solubility of the dye, and 
thereb^^ hasten the exhaustion of the bath. The cotton is next waslied 
and dried. 

The dyes that are suitable are the members of the stiibene, benzidine, 
and primuline groups, such as Sun Yellow, Brilliant Y^eilow, Primuliiie 
Rod, Congo Red, Direct Sky Blue, Direct Green B, Bordeaux, Scarlet 
and many others. Every shade is represented in these direct cotton dyes. 

Alany dyestuffs are precipitated by calcium and ma.gnesiuni salts, 
so that a bath made up with ordinary ground water w'ould result in pre- 
cipitation of the dye; this is the reason why soft water must be used in 
the dye house. 


jMORDAiXTIlSrG WITH TaXXTIX^ 

Mordanting with tannin concerns cotton chiefly. The cotton is placed 
in a hot water solution of tannin, and then in a lukewarm solution of 
tartar emetic, for instance. Antimony tannate is now^ fastened to the 
fiber, and is insoluble. The goods are next passed slowly through a solu- 
tion of a basic dy^e. 

The basic dyes listed in the following division are suitable for cotton 
mordanted with tannin. 



402 


/.V iJ I 'S T R I A L C II E M IS TR 1 


If ihe cation is tretited with siilfonated castor oil before mordanting, 
the iiyeing; is more even, and the fiber is more pliant (softer). This is 
r.me of every cotton dyeing. The concentration of the oil is 10 grams 
r)er liiei*. 

OF IhiRECT DvEIIsU WITH BaSIC DvES OX WoOL AXD SiLK 

Tor wool anti silk, no tannin is needed, for they already contain in 
the molecule an acid group. The basic dye is dissolved in water, the 
temperature raised to 50^ C., and the wool or siik is introduced. Ti.e 
lemperatiire is raised further grtiduaily. over a period of liali an hour 
to tlie boiling point, when the process is completed. Tixe material is 
washed with water and dried. 

Examples of basic dyes are: Tuclisine, Hliodamiiie, Saironine, Aura- 
rnine, Pho.spliine. hlalaehite Green, IMethylene Bhae, Rosaniline, hfauve. 
Crystal Violet. Bismarck Brown. 

The first syntheric dye %vas a basic dye, iXIative. 

^dHTAULIC IMoRDAXTS 

Tij.e procedure differs somewhat for the several fibers ; tiie applica- 
tion to cotton is the most important. Cotton is treated with a solutiuii 
of the metallic salt, such as aluminum sulfate. ZMext it is passed into 



an ammoniaeal bath, and after that, into a solution of alizarine in 
ammonia water: sometimes the tTvo latter baths are combined. Wool 
and silk can dissociate certain metallic salts, so that when they are placed 
in the salt solution, and boiled, the basic part of the dissociated salt 
deposits on the wool or silk. The rate of deposition is controlled by adding 
more or less potassium acid tartrate, which retards it. After that, the 
wool or silk is placed in the alizarine bath. 
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Examples of dyes applied with metallic mordants: Syntlietic dyes — 
Alizarine, Alizarine Alaroon, Purpurin, Anthrapurpurin, Anthracene Biiu-. 
Xatiiral dycstiiffs — E<jg\vocjd, for ]>lue and bla<*k, C'ociniieal, for red, 
(j.u'^-citron, for yellow. 

In order to form lakes, hence be ada})tablo to this kind of dyeing, 
the molecule of the dye must contain two hydroxyl groups in the ortho 
vsosition to each other, or one hydroxyl group with one of the following 
groups in the ortho position: carboxyl, COOH, nitroso, XO, azo, X = X, 
and iraide, XH. 

The process for vat dyes, develoi^cd dyes, sulfur dyes is similar to 
tiie processes described above; the special principles invoh^ed have loeen 
la-escaited under the lioadings following Indirect I>yes. 

Apparatus 

Wooden tubs are used for acid baths; for neutral and alkaline baths, 
wooden tubs are sometimes used, but iron and steel are more common. 
The dyeing may be done on skeins, or on the finished piece goods: in 
the latter case, a devic^e known as the jigger is used, shown in Fig. 163. 


IDpsicm Fohmatiox 

Patterns in color may be i)roduced on tlie piece goods l>y printing 
with copper rolls, using one of the three princi|)ies stated btdow. 

1. In direct printing, the thickened dye solution is applied directly 
onto the desired spot on the white piece goods; the remainder of the 
surface i*emains as before. For instance, a polka dot design may be 
printed in blue, from a copper roll having circular depressions filled with 
the dye solution. The blue dot on the white ground is foriiied directly. 
So that the color may not run at the edge of the dot, the solution is 
iliiekened by means of gelatin, starch, or other inateriai. 

Example on cotton: A basic dye mixed with tannin, acetic acid, and 
a thickener, is printed on directly; then the piece goods are steamed by 
passing them stretched over steam-heated hollow steel cylinders, v/ashed, 
and dried- 

2. In reserve printing, certain uncolored substances are printed onto 
the cloth at the spots w’hich should remain white. The whole is then 
dyed, and in the dye bath these substances repel the dye. 

3. In the discharge method, the cloth is first dyed all over, and then 
there is printed onto it a substance which can destroy the dye by oxida- 
tion or reduction, leaving the spots reached by it uncolorcd. After the 
printing, the cloth is steamed, washed, and dried. 

As discharge materials, stannous chloride, zinc dust and caustic, 
sodium bisulfite, sodium hyposulfite (XaoS 204 ) , and others may be used, 
thickened properly by an inert material so that the applied discharge 
inuterial will not run. Basic dyes are discharged by applying a paste of 
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glucose, caustic, and a thickener; during the steaming, the reduction takes 
place, 

iJesign formation by any one of these tliree iricthods is applicable to 
ail fibers, with suitable modifications. 

In INIetliod 1 a raordant dye may be applied as well as a direct dye, 
Nvorking as follows: The <lye and the mordant mixed cold do not react 
appreeiiably ; tlie two mixed with a thickener are apt^lied. In the subse- 
quent steaming, the dye and mordant react, and fasten tiie produced 
lake onto trie fiber. 

In general, tlie printing is done witii copper rolls etched in the design 
needed. In the depressions, the i>rinting pa.ste is fed constantly from a 
trough, while tlie surface of the roll is wiped clean by means of a scraper. 
It is a form of intaglio printing. The printing may be very elaborate: 
as many as 15 roils have been applied to the same piece of cotton or 
silk. The consunii'ition. of the several fibers in 1936 follows (in millions of 
]>ounds : Cotton, 346S; wool, 384. o; silk, oT.9; artificial silk, 323. 

Wetting-out Agents. In order to dye evenly, it is essential thar 
the dye solution should reach every spot of tlie fiber at the same time; 
tliis will be the case only when the fibers are wetted at the same instant. 
Tiie addition of certain substances favors this wetting, with subsequent 
even dyeing, and the materials have assumed an important role. The 
most important wetting-out agents are: soap, sulfonated castor oil, 
already mentioned, sulfonated naphthols, sulfonated abieteno, GardinoL 
Wet-It, ISTovo ZSTaccosoI. 

Pathxts 

XT. S. Patent 1.S65.701, nmnufaeture of dyed rayon thread by preci-)itating the 
G€‘lIulose in illainerit form from a viscose solution Improfrnated with, dyestuff in a 
reduced state and oxidizing the dyesruii to hx the ctdoiq 1,S76,560, process of dyeins: 
viscose" rayon using: tri-azo dyes. cK. , X : X . Ri . X : X . R- . X : X . R:i) ; 2,023.387 ; 

I. 998,550; 2,015.500 ; 1,992.160; 2,000.559, wettins agent. 
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"‘Silk, a field for re^seareh,*' T. Ivl. Shelton and T. B, Johnson. Ind. Eng. Chem.. 
22, aS7 a930 K 
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7, C2>, 1S03 11930). 

“Xew wettins asents — sulfonated abietenes.*’ I. Gubelmann, H. J. Weiiand, and 
C. O. Henke, Ind. Eng. Chem., 23, 1462 (1931). 

"The synthetic dyestuffs and the intermediate products from which they are 
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J. F. Thorpe, kondon, Grifiin and Co., 1933, p. 400. 
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34, 194-200 and 205-20S (1936), translated from L>eiitsche. EarherzeitiMrig. 

"^Men and women's shoe and leather colors for spring, 1937,” Dyestuffs, 34, 209 
( 1936) . 

"Xational Xacconols,” an account of the properties, wetting ability, applicability 
of the Xaceonois, Dyestuffs, 34 , 67-S2 (1935> (pub. Xational Aniline and Chemical 
Co., 40 Rector Street, Xew York). 

“Reaction of wool with strong sulfuric acid,” Milton Harris, Ralph Mease and 
Henry Rutherford, J. of Research, Kational Bur. Standards, 18, 351 (1937). 
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^•Scouring fabrics woven of synthetic fibers,” Thomas Ashlev. Lyestiifts, 35, 11 
a937b 

"W ashing and. lulling of woolen cloth preliminary to piece dyeing.'* Erich 
Wlinderlich, Lyestuifs, 34, 215 (1936), translated from Oeutache FarherzeiLima. 

•^Wool scouring/’ R. A. C. Scott, Rayon, Textile M oixthly , 18, 9, 9S ^1937)^ 

^•Reducing re-d^-os on rayon crepes,” Robert W. Pinault, Rayon Textile Monthly, 
IS, 257 (1937). 

“The compression of wool by twist,” James H. Fischer, Rayon Textile Monthly, 
18, 251 (1937). 

“Pocket guide to the application of the dyestuffs," Badisr*ho Anilin and Soda 
Fabrik, 12S Duane street, Xew York. 



TJlc Intcrinc diatcs arc the link bcticcciL the lov:-valucd jiroducts of 
the dh^t illalio?! of coal far and the valiiabic dyes. The rnamijactiire of 
dye intermediates is the most briUiant success of synthetic organic 
che n 2 isfry. 


Chapter 27 

The Ivlanufacture of Dye Intermediates * 


Trie group of .'i^yiiThctic compounds called intermediates is the start- 
ing point for the manufacture of dyes; they form the raw materials for 
the dye industry; to put it still another way. the intermediates are the 
foundations of tiie dye constructions. The name is certainly appro- 
priate, for tliey are the intermediate comriounds between benzened 
naphthalene, and aiitiiracene, on the one hand, and the brillia.nt and 
varied dyes, on the ctlier. 

Tiiat benzene, naphtlialene, and anthracene are or.)tained by distilling 
coal tar,- the evil-smeliing black liquid found in tiie liydraulic main of 
the illuminating gas plant, itnd similar plants, has been sta.ted in ChapttT 
14; to name the intermediates, ‘‘eoal-tar intermediates,” and the dyes 
made from theiii, “coal-tar dyes,” as is often done*, is therefore quite 
correct. In themselves, benzene, naphthalene. a.nd anthracene are of 
little value; but by the introduction of SO-II,lSrOL»r^H[ 2 ?OH, alkyl r»r 
other groups into the molecule, replacing a hydrogen atom, the body 
bocoines important a.nd \'aluabie; it is then an intermediate. The num- 
ber of knotvn intermcfliates is enormous; the number of the possil.)le ones, 
greater still. 

Tlie transformation of benzene, napiit halene, and anthracene into these 
su!)stit utcf 1 boriies is done Iw a variety of operations, the most important 
of v%’hie!i may be divided into tlie following classes: 

1. Xitrarion, the substitui ion of one ov nit>re hydrogens by XO^:. 

2. Rediiciion, for insrance, of XO:» to XIIi;. 

3. Sulfonation. tiie substitution of one or more hydrogens by the 
sulfonic group, SO^H. 

4. IIa..logenation- the substitution of one or more hydrogens by Cl, 
Br, or I. 


5. Alkylation, the suijstitution of liydrogen by an alkyl group, such 

as methyl, or etiiyl, CoIIr.. 

6 . Alkaiine fusion, tlie substitution of the sulfonic acid group, SO 3 H, 
by the hydroxyl group, OH. 

In the discussion of these operations it is important to distinguish 
between various isomers produced, that is, bodies alike in the groups 
they contain, but diiTering in the relative position of these groups, as for 
example the two nitrotoluenes shown below under ^'nitration.” Such a 


*Tn cr>llaboratjors vi'itjh. Hobert Kuoeb. Tb.D. Consulting Cherriist for Dyes, of Buf- 

falo, N". Y- 

^ is The same i«ubstance as bc-nzol. 

- The greater part of the benzene is obtained by “scrubbing” the gsts from the distillation of 
wiili oil, and recoverins it from the oil bj’" distiilation. 
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di.sTinction may seem a ratliei* ‘‘nice” one, belonging to the scientific 
iisj>e('L the sul>jeet, but it is in reality oi the greatest i)ractical im- 

norrance, because tli(^ C(j1oi*s made later on by liieans of tiie separated 
istaiicrs will diliei*; iind to ol^titin pure coltH*s, an iriterinediate fi-ee from 
its isomers must be used. It naturally folIo\vs that a firm producing 
impure intermediates, impure in the sense that a given body is still 
accompanied by its isomers, is likely to see its business dwindle. 

It might be said further that two isomers often differ in a pronounced 
vvay in their properties, although the structural difference is so slighx, for 
instance ortlio-nitrotoluene is a licpaid, while T->ara-nitroluene is a white 
solid. The difference in properties is indeed sometimes slight, but tliere 
is always some difference in at least one property. 

The compounds of carbon are exceedingly delicate; they react readily 
and always in several directions, for instance vrliile nitrating, some 
oxidation is almost unavoidable. This circumstance, added to the diffi- 
culty with isomer formation, renders the clioice of processes and their 
supervision so difficult that only men well-trained in scientific organic 
chemistry can choose and supervise successfully. In no otlier branch 
of industrial chemistry does plant practice follow so closely the purely 
scientific treatment of the subject. Only the products of industrial 
imr>ortance and the well-establishcMl plant processes are considered in 
this chapter. 

The apparatus is comparatively simple: wooden, east-irtm, and steel 
vessels are used. High temperatures are rare, winch might be inieiu-ed 
from tlie fact that carbon compounds burn, and before lairning ttre 
destroyed by charring; the temperature of melting ice is used almost as 
often as that of steam. 

Tilt' system of notation in this chapter is the customary one: the 
hexagon means benzene, CgH*;, unless otherwise indicated; the double 
hexagon means naphthalene, Ci.oHs- AVIien a substituting group is writ- 
ten in, the liydrogen atom is understood to have ])eon remc.ived to make 
room for the entering group. 

USTitratiox 

Ordinarily, nitration is performed in the cold, in order to rentier 
harmless the oxidizing tendency of the nitric acid. In many cases, the 
substance to be nitrated would be destroyed by nitric acid of full 
strength ; to prevent this, it is diluted by means of concentrated sulfuric 
acid. This mixture is called ^‘mixed acid”,^ and usually contains 25 to 
30 per cent nitric acid ; the rest is sulfuric acid with a small percentage 
of water. For example, the reaction for benzene is 


CsHo + HOjSTOs = CsHajSrOa A- H2O. 


Xitrobenzene, an oil, is formed, and water. The sulfuric acid does not 
enter into reaction, but serves as a diluent and an absorbent for the 


Cliapter 2. 
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water forniecl during the reaction, thus maintaining the strength of the 
nitric aeici. 

Xoi only ai'c liydrocarbons such as benzene nitrated, but also, and 
very frequently, substances in which tiiere already are present other 
substituting groups. If the group XH :2 is prestuit, it must be '‘covered” 
during the nitration, even though the temperature is low, to prevent its 
oxidation and consequent loss. This “covering” is done by acetylation, 
and the acetyl group is removed after the nitration. 

The groups already substituted in the molecule influence the position 
which the entering group takes, according to the following rule, given 
in two parts, with examiiles: 

a. If any one ox the groups CIT;>, CH-Ci, Br, I, OH, ISTH;;. a.nd certain 
others is present, the nitro group cmters mainly in the ortho and para 
position, sometinies only in the para positicjii. 

Examples: 


V' 

i I 


110X0-2 

^ 


CHa 



tol uene artho-n iirotoluey^e 

diquid » (liquid) 


and 


CH 3 



XOo 

pa ra-rvitrotoluene 
(white solid) 


OH 


I 

i 



phenol 

(solid) 


OH 

HOXQ2 ^ 

ortho-Tiitro pheru>l 
(yellow solid) 


and 


OH 





pa I'a-nitrophertol 
(white solid) 


Ortho-nitrophtmol and para-nitrophenol are isomers ; they are sepa- 
rated by steam distillation, for the ortho body is volatile in the steam, 
while the para body is not, and therefore remains behind in the distilling 
vessel. 


HOX'Os 


:X02 


and 


chlorohenzene 

(liquid) 


ortho-ri itrochlorobertzene 
(low-melting solid) 


para-nitrachloTohenzene 

(solid) 


h. If there is present in the molecule any one of the following groups: 
T)s02r COOH, CHO (the aldehyde group), or SO3H, the nitro group enters 
mainly meta. Example: 
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NO. 



‘nitrobenzene 

(liquid) 


f I ONTO- 





d i n i trohenzen e 
(solid ) 


hen nitrating benzene to nitrobenzene, an excess of nitric acid must 
be avoided, otherwise there is formed dinitrobenzene. The procedure 
is to run the mixed acid into the benzene, not the converse; this is a 
general rule, if a single substituting group is desired. About 2500 pounds 
of benzene are nitrated in one batch, and the time is 3 to 4 hours. Heat 
IS evolved during the reaction and is removed as fast as generated by means 
of cooling pipes laid in the benzene, or by means of cold water (or brine) 
circulated in the jacket surrounding the vessel; towards the end of the 
reaction, warm water is circulated in the jacket. (See Fig. 164. j Cast- 


Figl're 164. — Jii ckolcd ca.'at-iron 
nitrator, showing two impel- 
lers for agitation, and fiv'e 
cooling cells. (Courtesy of 
the buffalo Foundry and 
Machine Co., Buffalo, 
X. Y.) 



iron is used, since mixed acid does not attack it. A stirrer is provided, 
for otherwise the benzene and the acid remain two separate layers. After 
the action is complete, the nitrobenzene separates out as an oil over the 
acid, and is removed by decantation. It is agitated with water or dilute 
alkali to remove small amounts of acid, and may then be distilled if pure 
nitrobenzene is desired. 

When nitrated with enough acid to form two nitro groups, toluene 
gives two different dinitrotoluenes ; the temperature is maintained at 
35° C.; 
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CH:: 

CHn 


l>UONO: ^ X<.>2 




XOo 

toluene 

''yellow solid; 

Uiquidj 



aiu 

XO 2 


''yellow riolid; 
trace 


Xapiitlialeiie treated with the proper 
one nitro sroup gives only rx-nitro-, never 


amount 01 mixed acid to 
^/^-nitronaphtlialenc 


form 


3 


s 



‘3 

3 


; wh 


a a. 

Tio ph th a! e n c 
e stdif i when pure. 


HOXO:: 





cL’-niirona ph tha Icii e 
or 1 -n ifro naph I hale ?? c 
(yellow solid; 


<Jn fur? her nitratioz:, tiie ninno-nitro horiy gives 1,5 or 1.8 rlinit roiiaplitha- 
lene: ilie Temperature is 70" C.: all three bodies are solids. 


X< t. 


X^ >:, 


iU iN( ij 




and 


XO.,: 

1 -n ztrona pht.haiene 1 ,0 din itrona phlhalene 


C>,:X XT). 



1 ,S diriitrnnaphfhaletie 


Anthraquinone nitrated for one nitro group gives only a-nitroanthra- 
cpiinone a.t aO^ C.; a. second group entens again a, producing the isomers 
1,5 and 1,8 dinitroanthraquinone at S0~ C.; all are yellow solids. 


O 





o 

a n th raq u i no rte 


Hi 




o 

XOo 



o 

I -ti itraanthraquinane 


HOXO2 




d in it ro<i n th raqninone 



Hence, according to the amount of acid used, there may be produced 
mono-, di-- or even trinitroanthraquinone compounds. 
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These iiitriitions arc performed in cast-iron or steel vessels with steel 
ae;itators: a liquid rociuires no pre-treatment; a solid is dissolved in con- 
c-entratcri sulfuric acid, and this solution then treated with the mixed 
acid. 

Reduction 


Anion a reductions, that of the nitro group, XO:*, to the amines group, 
XII-j. ii:? a. frequent and important one; several reducing agents may be 
used : 

Iron turnings or powder and hydrochloric aci^l are generally used; 
requently tin or zinc with hydrochloric acid. The theoretical reac- 


a 

less . 
lion 


e t — j— 3i"' c “h 131K_I = 

\ / \ - 

n itrobcJizenc (irulirtc 

diqiiid.) diqiiid 


Xilo -f- 31-VC1-, 


But in practice, onc-fortielh of the aiuount «>f acid required^ i.>y this reiic'- 
tion is suffiidcnt, because the ferrous chloride rnnne^d ccualyzes tiie 
reaction 

2Fc-h<"^ /Xdo -|-4Ild ) = 2F(*(,()H XiF, 


The nitrobenzene is placed in the reducer, a vertical! cy lindrictil vessel 
provided with cover, steam jacket and a stirrer; the iron turnings or 
}a'jwder and the hydrochloric acid are added gradually, in small jiorrioziS- 
A brisk reaction, but not violent, is maintained by means of steam 


FiGCRK 165. — A vaciuaii shedf 
drier, with condenser and 
vacuum pump. The shelves 
are hollo w and receive 
steam. Such driers are used 
for intermediates and dyes. 
(IBufiovak.) (Courtesy of the 
Buffalo Foundry &. IM a chine 
Co., Buffalo, X. Y.) 



circulated in the jacket, or blown into the charge directly. A condenser 
returns to the reducer any vapors which pass out. After the nitrobenzene 
is completely changed to aniline, a strong current of live steam is sent 
into the charge ; a mixture of steam and aniline vapors passes out to the 
condenser and is collected in storage tanks. The bulk of the aniline 
separates as a lower layer and is drawn off ; the water over it still 

^ Cast-iron turnings, crushed in a hammer mill to pass through a 10-mesii screen, are to he 
preferred. 
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corituin.s aniline, Vvhich must be recovered distilling this ‘‘aniline 

waier" again, or by extracting it with nitrobenzene. The iron hydroxide 
sludge is washc^d out of the reducer through a side outlet by means of 
flushing. A reducer 6 feet in diameter and 10 feet high takes a charge 
of 5000 pounds of nitrobenzene in one batch, and requires about 10 hours 
for the reduction. The aniline may be redistilled, wlien it is water white. 
There are many modifications of this method of reduction. The con- 
denser consists of iron pipes laid in cold water. 

Arxiiine is made from chlorbenzene, by treating the latter with 
ammonia in the presence of cuprous salts as catalysts. It is a continuous 
process, with ammonium chloride as a rather annoying by-product.'"^ 

Aniline hydrochloride is a widely used white solid, and is made by 
treating aniline with hydrochloric acid. 

The reduction of nitrobenzene may be performed in acid, neutral, 
or alkaline solution a.nd tlie products are in each case different. In acid 
solution, aniline is prodiicerl, as described above. In neutral solution, 
by mc-ans of zinc and ammonium chloride, there results phenylhydrox- 
ylamine: 


Tiiirobcnz:cne 


rTf ittrni 


xo 

n iirotioben zene 


rt'fi urti‘ 


phcnylh ydrojcylamine 


If allowed to go too long, the phenyihydroxylamine is further reduced to 
aniline. 

In alkaline solution azobenzene is formed, itself the starting point 
ff)r benzidine: 


3 ■ _ 
n iinjb€?iz€n € 


Zr I 




o 

az<ox yhcfizeii e 
< Velio w-red solid’ 



azobenzerte 
(red crystals) 


. IJ U , — . 

A yd raz ohe n zene 
( whi t e cryst a Is) 


by acid 






>XHs 


benzidine 

(brownish crystals) 


H 


b. Alkaline reductions are performed for instance by means of zinc 
tiiist and caustic in water, or in hydrous alcohol; in addition to the 
example above, the following may be given: 



i 

OCHs 


nitrocLnisole 





OCIU OCRs 
k ydrazoctnisole 







OCRs OCRs 

dianisidine 


c. Sulfur dioxide as such, or its salt* bisulfite of sodium, may be used 
for reducing; for instance, quinone to hydroquinone. When nitro or 

3 tr. S. I^att'nts i. 726 , 170 - 3 ; reissue 17,280 
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i^irroso bodies are treated, the reduction is frequently accompanied by 
the simultaneous introduction of tiie sulfonic g*roup. 

^ SOsH 

IIO<^ "yso >XH, 

'pcL7-a-nitr<)i^,o p}i enol 


NO 2 

■i 


XOo 

xa 

yy Non 

XH. 

j XOo 

■■ .x' 


SOall 

! i i 



SOeH 


in eta-di n itroberizene it itrosounp/L thol 


d. Sodium sulfide (Xa-Sj is extremely valuable for reductions, also 
the disulfide, prepared by dissolving sulfur in a solution of sodium sulfide. 
For ‘‘partial reduction/’ that is, for the reduction of only one nitro group 
in a compound which has two, for instance dinitrobenzene, sodium sulfide 
is usually chosen. The sodium sulfide is dissolved in alcoliol and. placed 

O.X C>.^X ^ 

PnO., + ^ra-,S + H.,0 9- P PxiI,-i-Xa...SC>, 

d initrobe iLzeri e nieia-n it ran il ine 

in a steam-jacketed reducer; the dinitrobenzene is added either solid, 
or also dissolved in alcohol. Tlie mixture is maintained at boiling tem- 
perature for two hours; then the alcohol is distilled oli. condense^d and 
collected in a similar reducer and is ready fur the next batch.: the loss of 
alcohol is slight. There remains in the first reducer the nieta-nitraniline 
mixed with the inorganic salt; the mass is agitated with water whicli 
dissolves the latter. The suspension is pumped into a filter press where 
the meta-nitraniline is obtained as a moist cake; it is dried on trays in 
a vacuum drier. 

The isomer, para-nitraniline, is made by nitrating aniline after cover- 
ing the amino group by acetylation; in other words, by nitrating the 
white solid, acetanilide^; the temperature is maintained l>etween 6"^ and 
8=^ C. 

SxjLF02srATio:sr 

Sulfonation is performed in order to render insoluble compounds 
soluble in water or alkalies; or it may be performed as the first step in 
the introduction of the hydroxyl group, which is completed by subse- 
quent alkaline fusion. 

By direct sulfonation is meant the treatment of the substance with 
fuming sulfuric acid; in the case of benzene, an oleum containing 8 per 
cent free SO3 is added gradually, in order to offset the dilution caused 
by the water of reaction: 

CsHe+OHSOaH: = CsHs - SOaH-f-HsO. 


® Anotiier metliod is given under lialogenation. 
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The ^ t-iii] >erature is ifiiuni ur 30 '■ 

i- rtiiT-vii tci oO : tht- vi-sst-I us«-<i r-howu 
is I hi" is slrij\NiU‘0 2ii WiLil t*!* 

suiu'h oiit : or, if Tht* isrtMliu't is lo si^rvc^ 


C\ until nc^ar tiie en<h Vv'lioii it 
i!i Kith Hk* 

, :inO tht^ :>enzenc‘ siill‘t)nic* acid 
i\)r ii!:tkin^’ pluMicd by itikiilhu^ 



Figi’hk IGG. — A i acker ed Kopp 
sill I'oiTittor, witli scraper imd 
propeller. Positive scraping 
of coolin.e of suriaeo cuts in 
hall rrie iinie reoiiired \v'n, ii 
rising r> r o ]» c- I I e r only. 
Scraper oii uollow sliaft . i« jw- 
speed ; propjellor on iiuit-r 
sliaf:. hiirh speed. (Court 
Sowers ZManiiiacluriinj: C'k, 
BiuYalo, X. V.) 


fusion, iinie is added; the free sulfuric aci^i is precipitated as, siilfaie 
vyhieh is i-eiuoved by filtration. The liquor contains the ealciuin sal: 
of the sulfonic acid; it is treated witii soda ash, forming tlie sodium 
salt ami |>recipitatiiig calciiiiu cari.)onate. After another filtraiioii. the 
sodimn salt in solution mtiy be isolatetl by evapoi-aiion. 

If there is ]v.'esent in the molecule one of the three grou]>s, XU:;2, 
m- SO-II, the entering sulfonic grou]-) will take rlie meta ])osition, 
in ac'cordaia'e with the rule fur orient a.tion given under nitration; 

SOsK St bit S<.)di X(.).> X(_>.2 

^ ^ ’ „• ^ i- JsOsir 

If liic iru-thyl group is |)resenr the result is different, but siill in 
agreeiiient with the rule; ta-rliO and para derivatives are formed: 


CH, 




->■ 


Cilc 

SO.K 

and 



Oils 



CKc 



SO3H 


HO3S CII3 SO3H 



SOsII 


SO3H 
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By siilfonatiiig aniline, only para-sulfonic henzenc, called sulfanilic acid, 
is fijrmcd; no covering of the amino group is necessary; bi.it if the a.niline 
group is methylized, the sulfonic group enters incta: 


XII 2 

: i 


aniline 


XIB 

f i 

yO;.!! 

sulfaiiiLic acid 
(solid) 


X(C1B,::3 


X CIIc). 

^ ; SOAI 


fli tnclJi yin 11 ill tie d i ni cth j/la n i i i n c- 

(liqu id,) meta-fi ulfon ic acid 


Indirect sulfonati(.)n may lie done in various ways: lor instance 
I'porlies with the qtiinonoid structure may be sulfonared by Xa.llSO-. witii 
simultaneous reduction of any nitroso or nitre grouT> present to tlie amino 
group. Xitroso plienol is made by adding acid to sodium nitrite and 
phenol dissolved in caustic soda. 


so,H 

HO.; ^;XO OH ' XH. 

SlOdi 

ti iiroso phenol dtnulfonlr- pa ra-a ni inojjhcnfd 

By reducing tlu.) same i>ai*a-nitroso]>henol witli sodium sulfhle > X'a-S * , 
I lara-aminoplicnol is produced. 

Direct sulfonation of naphtlialenc gives a mixture of ri aial 3 deriva- 
tives by varying the temperature; one or the orlior may he made to 
|u*efieminate ; thus at C. tlierc^ is formed 95 per cent ri tuid 5 per cent 

3; while at 170 C. IS per cent cx and 82 })er cent /3 is f«»rinefl. 


S(l3H 



The naphthalene is melted and the acid run into it, in order to avoid 
trie formation of disulfonic derivatives; the amount of acid is the cal- 
culated amount for one group. The water formed during the reaction 
retards it but does not prevent it; a definite amount of oleum fS per cent 
SO3) is added towards the end in order to hasten it. 

Sulfanilic acid and naphthionic acid are prepared in an indirect way 
frequently, namely, by forming the corresponding sulfate salt and heat- 
ing the latter in thin layers, when, an intermolecular change takes place 
and the sulfonic group enters the nucleus, in both cases in the para posi- 
tion; this is the ‘'Baking process.” 



476 


IXDLSJ^RIAI. CHEMISTR Y 


Xiic. H-SO, 

hcfit^^d io 




XH> 

; -f-H^O: i 

- / \ 

SOJ-l 


XHe.H.SO^ 


XH.> 


hra.t*-.d 


a rt i line ?/ If ate 


s ul fnrtil Ic acid 


cL-no phth ifl- 
ciynine sulfate 


I -hiuo 

sOsir 

tia phi bionic add 


On direct snifonation a-naphthyl amine gives mainly naphthionie 
acid; ^jS-naphtbyl amine forms a mixture of 2-5 and 2-8 sulfonic acids: 


HOsS 



XHo 


Xlio 


and 



. XMo 


SO 3 H 


On sulfonating /:?-naphrhol, two isomeric monosiilfonic acids are 
formed : 

HO.;S 

■ oil Oil 


Schaeffer' s add \2-6, 
(.solid; 


Crocein acid (2-S) 
(solid.) 


By further sulfonation two isomeric disulfonic acids form: 

HO 3 S 




OH 


R acid 2-3-6; 



N OH 

HO 3 S 

G acid (2-6-S; 


These two <iiffer in t’nat a diazo body coiipies with them at difTerent 
rates: with the R acid, rapidly; wdth the G acid, slowly.'^ Schaeffer’s acid 
and Crocein aci^d sliovv' the same difference. 

Anthraquinone. a yellow solid, is siilfonated by suspending it in oleum 
containing 45 per cent free SO 3 , hence very strong oleum, and heating 
to 150' C, for one hour; the resulting melt is run into w'ater and neu- 
tralized with caustic soda while hot. On cooling, the sodium salt of the 
j^-siilfonic-antliraquinone separates as a salt resembling metallic silver. 
For that reason it is called silver salt, important chiefly in the manu- 
facture of alizarine. 



" R. acisi gives redder dyes, G acid dyes more on tiie yellow, hence the designations, from 
the German '“rot’* and "‘‘gelb.®' 
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Sulfonated further, a mixture of the 2,6 and 2,7 disulfonic anthra- 
.rainones are formed. 

If the suifonation is performed in the presence of mercurous sulfate, 
dinerent products are obtained: a sinj^le sulfonic group enters at a or 1: 
two groups enter to form the 1,5 and 1,8 disulfonic anthraquinones. 

H A LOO E X ATI O X 

Of the three halogens, chlorine is the most widely used, because of 
its comparative cheapness. As a rule, chlorinations are performed by 
dried chlorine gas, that is, by direct chlorination, with or without a 
catalyzing agent. 

Chlorobenzene is made by passing a stream of dried chlorine into 
benzene in the presence of 1 per cent ferrous chloride; some para- 
dichlorobenzene is formed at tlie same time: 

Cl 

! 

Cl 

pa ra-il ichlorobenzt' n e 
(white solid) 

When passed into boiling toluene contained in a stoneware or enam- 
eled vessel, the chlorine enters the methyl group, producing a mixture 
of mono-, di-, and triclilorotoluene, all liquids; dichlorotoluene treated 
with water in the presence of calcium carbonate gives benzalderiyde ; 
triclilorotoluene under the same treatment gives benzoic acid. 

H 

CHClo C = 0 

0^0 

henzaldehyde 
(liquid) 

In this chlorination an iron vessel cannot be used, for the iron would 
cause a portion of the chlorine to enter the nucleus. 

The hydrogen chloride formed in the chlorination might cause side 
reactions; in order to jirevent this, in many reaction mixtures calcium 
carbonate is suspended. The calcium chloride w'hich forms does not 
interfere. 

CsHe -b Cl2= CeHsGl + HCl 

There are many catalytic agents in use such as SO 2 CI 0 (sulfuryl chlo- 
ride) , PCI5 (phosphorus pentachloride) , SbGlr, (antimony pentachloride) , 
I (iodine), Fe (iron) ; furthermore sunlight, ultra-violet rays, and tem- 
perature have an influence on the course of the reaction. 

By means of the halogen, the reactivity of the compound is increased ; 
the chlorine is more or less readily substituted by other groups. In the 


CCh 


GOOH 




benzcrlc acid 
(white solid) 


Ci 


chlorobenzene 

(liquid) 
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]jeiizene or iiapht halene nucleus, 
tuted the s^reun^r the niiinlx^r ol 
])resei:it. Hiiis will: aniiiieniu, c* 
nit ruchh 'ro]*ciizeii<‘ <ioes, lurniin^ 


tiic cliloriiie is the more readily stibsti- 
iie<4-aiive ernu]>s, suc^ii as nitru ii;roui)s, 
lilurcjheiiztuie (lot*s not rcaicd , biit 
] )ara-n it raniline. 


^ xrr.,'"'' ^,xo.. + iiC!. 

(solid.’; (solid; 

In. acetic acid, one, two, or three of the hydro^-eii atoms in the meiliyl 
.aroiip may ];)e replaced! by direct chlorination of the warm liquid in the 
]>resence of sulfur: 


C'H.CICOOII 

nisih fi-rti hjn'oaci-t ic ucul 

{ -Vi ;<i 


CHCIX/OOII 

tlf -t ‘}i iC (IClii 

K licjiiiti .• 


CCL.CO OH 
i r i-ch loroa cet i r a cl d 
('solid) 


AnievLATioN* 

Tiie alkyl groups, sucli as the methyl grou]), may be introduced into 
the iimino g;r9.ain of an aromatic amine by heating; it under pressure 
v/itli int T] jaiHi]. iii the prc^sence of mine>*al acids. 


r,!r,-XHo-T-CHc<>H 
iT /} tl iit r 


//t€t ito~in i: tfiylo-tLilin e 
d io Li id i 


Another method used at present is tlie treatment witli metliyl sulfaie 
or etiivi sulfate in the coldt. in r>resence of ca.ustic soda: 


Csth-Oli Cfh 2SO4 

phi in'tl int.tfijl 


c;ciir,.ocii3-Mr.cir3.so4 

a ?i i,^oI e m etJt yl 

s a I f uj'tc act <1 


AnKAUixE: Fusiox 

By means of an alkiiline fusion, a sulfonic group is replaced by a- 
hydroxyl groii]); there- are other methods to introduce the hydroxyl group, 
but- this is tlie siiiiple^st. 'The sulfonic acids is dissolved in a concentrated 
solution of sodium hydroxide or caustic in a covered cast-iron pot pro- 
vided with a scraping stirrer and heated externally by steam, oil bath, or 
an open fire. The water is evaporated, and on continued heating, the 
mass fuses: tlie temperature A-aries for the A^arious reactions, but lies 
between 190"^ and 350 C. 

Phenol is manufactured by fusing benzene sulfonic acid with caustic; 
this reaction as well as another are discussed in Chapter 35. 

CcIT5SO::Xa 2XaOII = CcH:. . OXa -P Xa=.>S03 -4- 

Tlie sodium plienolate formed is treated wdth acid to liberate the phenol. 
Resorcinol is made by alkaline fusion: 
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/3-naphtliol is made by fusing the corresponding sulfonic nnpLtha- 
lene with caustic; the naphtholate is treated with carbonic acid, and the 
precipitated ^-naphthol i.s i)urificd by distillation in vacuum. 



pht/ioi 

(solid/ 


FioL'iiE: IGS. — A siill. 

(Courtesy of Bufitilo Foun- 
di’v fiiid Ooiiiptiiiy. 

Buffalo, X. V.) 


a-naj)hthol is not made from the sulfonic derivative, because there is 
always formed some of the >5-naphthol at the same time; instead, a-naph- 
thyl amine sulfate is heated with excess w^ater in closed lead-lined vessels 
to 200° C. for two hours. On cooling the a-naphthol crystallizes out. 


Xflo.H^SO^ OH 



cL—naph thdl 

(solid) 
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Sometimes the action of the concentrated fused caustic is too great; in 
that case ii water stdiititin is tised iind the rtauaioii mix heated under 
|.)ressure : 




OH 


iro 


HO3S SO;,H 

trisulfa /lie cL-naphih ol 


XaOEi 

i:>rer?r;iire 



HO.Sx. /k 

chrornotropic acid 


Sulfoiiated nax:)iithyl amines may be fused witli caustic to give amino- 
naphtiiols and aminonai:>hthol-sulfonic acids ; the amino grouj:) is not 
destroyed- Examples: 


XHo 


HO 3 S 



by XaOM 


SOall 


1 ,a mirto-iTisulfon ic-iia phlhalene 


HOsS 



H acid 



HO:.S 


by XciOII 


2,a?nina^ij,7-<iisulfon ic-na phihalciie. 


>■ 



OH 
*/ acid 


Tl'iO aminonaphthol-sulionie acids are almost indispensable for the 
manufacture of azo dyes; there is no azo dye of imi^ortance which does 
not contain at least one nai^iithalcne derivative. 

Anthraquinone /i?-sulfonic acid may be changed to the hydroxyl com- 
pound by heating with milk of lime: 



aYLthraquirtone s'uljortic acid ^-hydroory-ardhraquirtorLe 

Xhe same sulfonic acid fused with caustic gives the di-hydroxy de- 
rivative in addition to the inono-hydroxy compound- Hy adding an oxi- 
dizer such as potassium nitrate or chlorate, a high yield of the dihydroxy 
anthraquinone forms: this is alizarine, which is discussed further in the 
next chapter. 



cLnthraq'uirLone suljanic acid alizarine 
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Othkr Imporxaxt Ixtermediates 

Diphenyl amine made by heating aniline and aniline hydrochlo- 
ride in a closed cast-iron vessel, an autoclave, for 32 hours at 200" C.; 
tne melt is extracted with weak hydrochloric acid, and distilled tinder 
reduced pressure. This body is important not only as an intermediate 
I)iir also as a stabilizer for gun-cotton. 

<;y^XII= + <y\xH...IICI /-hXli.CI 

aniline a7iilirLe hydrochloride diphenylarniiLe ammonium 

(liquids (white solid) (when pure, chloride 

white solid) 


Salicylic acid is made by dissolving phenol in sodium hydroxide, 
evaporating to absolute dryness ; passing in carbon dioxide under pres- 
sure, and maintaining the temperature near loO^ C. in a cast-iron clcseri 
vessel. The charge is dissolved in water, and acidifieci to precipitate the 
free acid, which may be purified by distilling at low pressure. 


O hTa O . COOXa Of I 



sodiufn intermediate sodium 

phenolate compound salicylate 


OH 

r " CO(.>H 



sa i icy lie aci d 
'■ white solid. 


Anthraciuinone is made by oxidizing antliracene witli sodium dichro- 
mate and sulfuric acid. The crude anthracene, Ci 4 ldio? is purified by 
pressing while warm; the press cake is atomized by steam, and tlie finely 
divided naphthalene suspended in boiling water is treated witli dichro- 
mate and sulfuric acid, added in portions. The mixture is run, wliile 
still hot, into water in order to dilute the acid; the anthraqtiinone is 
filtered and washed. Two other methods for purification are given in 
Chapter 25. 

By heating plithalic anhydride and benzene in presence of aluminum 
chloride, anthraquinone is formed. 


-c = o 
— c==o 


phthalic anhydride 


O 



benzene 


with 

AlCla ^ 



-hH-O 


anthraquinone 
(pale yellow solid) 


An intermediate compound containing the aluminum is first formed, and 
from this, by removal of basic aluminum chloride, anthraquinone. Pro- 
duction figures for some typical intermediates are given in Table 59. 
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Tahu: 59. — TiiC Vitiicd States Produciion for a Few httLrnicdiatc,^ and Tlicir 

Raw Materials for lOdor 


Gt-Xaphthol 

Diphenvl guanidine 

H acKf..: 

Aniline oil 

Naphtha ienc 

Nitrobonzenc 

Benzol, not including motor fucl.. 
Consus of Dyes, V. 3- Tariff Commission. 



Quantity 

CfMlts 
per pound 

0.9 

million pounds 

53 

1.2 

million r)ound.s 

33 

2.9S million pounds 

32.6 

million pounds 

ii 

46.6 

million pounds 

4 

•IS .2 

million pounds 

S 

JHT n:i!l(in 

24.1 

million frulloms 

13 


Otiiku Patent?? 

U. S. Patent l,S4i,G22. azo dye intcrnicdiate^. and tlw dyes tiicrelroin ; 1.834.S76. 
production of dyestufi intermediates, di-anthraquinonyl derivLiti\*Gs coniaining ciilo* 
rine, bromine and sulfonic acid groups in the 2-2 position; 2.029,315. trifiuoroinethvi- 
phenyi-azo-diamino pyridinos and proco.ss for making same. 


Problems 

1. 2500 pounds of benzene are nitrated in one batch, with a 90 peu' cent recovery, 
to nitrobenzene which is then reduced to aniline by Fe and HCl. The aniline 
recover^^ based on the nitrobenzene is SS per cent. How much aniline is obtained? 
How much Fe and HCl will be required? 

2. Diphemd amine is made rjy the process given in the text. In order to pro- 
duce 1200 pounds eveiw day. how much of the two raw material.^: will be nee<ied? 
The yield coine.s to SS per cent. How much ammonium chloride will bo left in 
the still? 

From information obtained through the rea.ding references, what size apparatus 
and what kind would you propose? 


Reading References 


“The manufacture- of organic dyesiufTs,’’ Andre Wahl, translated from the French 
by F. \V. Atack, London, G. Boll & Sons, Ltd., 1914. 

‘U\nilinC' and it.s derivatives/' P. H. Grojrgins, New York. D. Van Noslrand Co, 
1924. 


“Coal tar dvrs and intcrniediatos/' E, D. B, Barnett in the series on Intiiistrial 
Chemistry edited by Sariiuol Rideal, London, Baillierc. Tindall Sc Co. 

“Equipment for nitraiion and sulfonation,'* R. Norris Shreve, lufL Enq. Chcin., 
24, 1344 (1932). 

“Intermediates for dvestuffs.^' A. Davidson, Now York, D. Van Nostrand Ce., 
1926. 

“The synthetic d\'estuns and the interniediate products from which they arc 
derived/' J. C. Cain and J. F. Thorpe, London. Chas. Grifiin and Co., 1933. 



2%atiiTal dyes Jiciue been al?7iost entirely displaced by the synthetic 
organic dyes, which sxipply every shade imaginable, and which have a 
hrllUancy never approached by rtatural dyes. The intermediates dis- 
cussed in the previous chapter form the components of the artificial ar 
synthetic dyes; hozo tiu.se component parts are assembled will be described 
in this chapter. 


Chapter 28 

The Manufacture of Dyes * 

An organic dye is a colored carbon comx:)ouiid svUicli lias iLe property 
of dyeing permanently, with or without mordant, animal and vegetable 
fibers- Dyes are derivatives of carbon-containing radicals in which at 
least one ring structure, such as the benzene or nar>lithalene nucleus, is 
contained. Otlicn- chemical elements are present in the dye iiiolecule, 
sucli as hydi‘Ogen, oxygen, nitrogen, and sulfur. 

There are several classes of dyes, each of wliicii contains one or more 
characteristic groups, a cliromophore, such as — X = X — for the azo 
class. The organic body containing the cliromoioliore is a chromogen, sueix 
as azobenzene 



By introducing one or more of the following salt-forinlng grou;>s ^ auxu- 
chromes) , hydroxyl (Oil) , amino (XrT:^) , carboxyl iCoOII j , the cln'orno- 
gen becomes a d^^e.^ 

Tiie shade.s and nuances of the dyes depend, on one hand, on the 
nature and number of the cliromophore and salt-forming group.s. on the 
other on the relative disposition of these groups within the molecule. 
('Generalizations are not easily made, but this much can be said for the 
azo dyes at least, that by increasing the number of cliromophore and 
salt-forming groups, or by increasing the size of the molecule, the S!ia«.ie 
passes successivelv from vellow to orange, red, violet, blue, ^reen, and 
black. 

Azo Dyes 

Azo dyes contain at least one diazo - group, the divalent chromopliore 
— X = X — combined with two aromatic radicals. The simplest cliro- 
iiiogen in this class is azobenzene, which has weak coloring po^ver: on 
introduction of salt-forming groups, the coloring power increases. 

The main method^ of formation of diazo substances is by the *‘diazo- 
tization’’ of primary amines, followed by “coupling.” Diazotization takes 
place when nitrous acid, HXOo, reacts on the primary amine group, 

* In collaboration with. Hobert Kuoch, Ph.D. Cnasel), Consulting Chemist for Dyes, of Buf- 
falo. X. Y- 

^ The hydroxyl and. carboxyl form a sodium salt with caustic soda or soda ash, while xlie amino 
group forms a hydrochloride with hydrochloric acid. 

“ Diazo means two nitrogens, from azote, the French word for Xitrogen. Diazo is contracted 
to azo, so that this latter expression also means two nixrogens in the form of — X = X — - 

® Other methods are the reduction of nitro derivatives, and the action of a nitroso body on 
a primary amine. 
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XHo, attached to the tjenzene, naphthalene, or certain other nuclei, in 
the i>resence of iiydrochloric acid. Ina:?iiiucii a.-? nitrous acid is unstable, 
its sodium salt, XaXO:.. is used, with an extra amount of hydrochloric 
acid. 

CcH. . Xli.. s- XaXtb + 21101 >- C6H^-X=X- Cl -a XaCi -i- 2H,0 

benzene diazo/iiuni 
chloride 

Examples of coupling reactions with benzene diazonium chloride: 




;oir 


phenol 




X:X.Ci 


;XHe 




.X:X-C1 4- 


nniiine 


>XH:, 




,.X:X CI 4- < 


Qt-Zi (I ph th yla m l n e 


'Oil 




-na phthol 


<s- 


>X:X< 


>X:X<; 






>X; X<f^ J>XHo-f-HCl 
/ \ 






;X:X<: 


OH-4-HCI 


\ 


It will be noticed tliat the compounds with which the diazonium chlo- 
ride reacts contain the salt-forming groups of OH or iSTHo. It is this 
property,, possessed by the diazonium grouping,, of combining with aro- 
matic compounds containing one of these two salt-forming groups, which 
renders possible the formation of the numerous azo dyes. Certain gen- 
eral considerations may v\'ell precede the reactions for dye formation. 

Tlie diazo gi'oup does not enter at random, but in certain definite 
positions. The attack is generally in the nucleus, and one molecule of 
hydrogen chloride is eliminated. For the benzene derivatives, the attack 
is on the hydrogen para to the salt-forming group, or if that is occupied, 
in the ortho position; never in the meta position. Coupling in alkaline 
solution is rapid: in acid solution, slow. The alkaline solution must be 
used for phenol and substituted phenols, in order to form, a solution ; they 
are not soluble in water. The acid solution must be used for aniline 
and other amines, again in order to bring them in solution. The alkaline 
solution removes the hydrogen chloride generated by the reaction as fast 
as it is formed. In the acid solution, such removal does not take place, 
unless sodium acetate is added, as is usually done; it is customary to 
hasten the reaction near the end by adding some soda ash. 

In the naphthalene derivatives, the orientation of the entering group 
is somewhat different. In ot-naphthol, the attack is at 4, or para; if 4 
is occupied, the diazo group enters at 2, or ortho; this is in agreement 
wuth the rule for benzene derivatives, hence it may be considered normal. 
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In /:?-naphthol. the coupling takes place at 1 ; never at 3 and never at 4. 
The naphthols are coupled in alkaline solution. 




OH 
1 


cL-naphthol 


\ 

2 

3 i 



^-naphthol 


The same position is taken by the diazo group when XII- replaces the 
hydroxyls; the substance is then a naphthyl amine, and the coupling is 
performed in acid solution. 

The sulfonic group, SO3II, is also a salt-forming group, but it docs 
not have the power, when alone, to cause coupling. In the naphthalene 
derivatives the presence of the sulfonic group intiucnccs in some cases 
trie place of entry of the diazo group. 

The carboxyl group, COOH, is also a salt-forming group: except in a 
few cases of no commercial importance, it docs not cause coupling when 
alone. 

Certain aminonaphthol sulfonic acids cou]Dle twice, and in tliis case, 
the place of entry depends upon whether the coupling is performed in 
acid or alkaline solution. If acid, the coupling is ortlio to the amino 
group; if alkaline, ortho to the hydroxyl. In the three samples following, 
the place of entiw for acid coupling is marked X; for alkaline coupling. Z. 



OH X 


SO 3 H 


HO 3 S 



XHo 


IK >3 


XH, 






OH 

H oicidA G 0 , 71 X 7710 , acid J acid 

For these intermediates, too, alkaline coupling is rapid, acid coupling 


slow. 

Ortho- and para-diamines in both the benzene and naplithalcne series 
CIO nor. coui)ie ar an, oiiiy riie mera-ciiaiiimes ao. 


XH 2 

NH, 



ortho-dioTnirLcs 


I do 

I not 

I couple 



XHs 



does 

couple 


7neta-dia. t7i i na 


* It is recommended, that the reader entear the formulas and names of the more important 
intermediates on a 5" x S" card, and that he place this card next to the book while reading this 
chapter. 
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The procedure for diazotiziiig is to add at a slow rate a measiirefl 
solution of sodium nitrite to the acid solution of the primary amine, in 
a wooden vat provided with an agitator. By means of direct ice addition, 
the temperature is maintained low, usually to 5"^ G.: genera.lly a. solu- 
tion results. The diazonium comi^ound is not isolated, but the solution 
is run at onc‘e at a slow rate into the aika.line ior acid) solution of the 
intermediate with vdiich the diazonium compound is to be coupled. After 
the addition of the diazonium compound, the batch is agitated for a 
period varying between 8 and 72 hours, until coupling is complete. The 
solution of the dye is then warmed, solid salt (ISraGH is added and allowed 
to dissolve: on cooling the dye separates out and is filtered in a plate 
and frame press. The apparatus is illustrated further, under benzidine. 

ISlany of the compounds named in this chapter are described in the 
previous one and may be looked up there; the formulas of others are 
given at the proper rjlacc. It will be remembered that each corner of 
the benzene licxagon represents CII ; where coupling has taken place, 
the hydrogen lias been lost in the formation of hydrogen chloride, and its 
place taken by the diazo group. Tiie full formula of the first azo dye. 
Butter Yellow, given in the next division, is therefore 


II 

li 

ir 

ir 

c— 

-c 

c- 

-c 

HC 

\ 

y 

\ / 

1 

I 

1 

y 

c— 

c 

C- 

-c 

11 

I£ 

II 

H 


Mono- Azo Byes. Tiie niono-azo dyes contain the group — X = 
X — once: the simplest example is aminoazobenzene, ‘^butter yellow", 
soluble in oil and in butter; its use as a textile dye is unimportant. It 
is ma.de by coupling diazonium chloride with aniline in acid solution 


^X=X ^ Nx=x<^ 

Sutter Yelloic 

On sulfonating it with fuming sulfuric acid. Fast T"ellow is formed, 
which is a mixture of the mono- and di-sulfonic derivatives: 




X=X 


">XH2 


VLdth 

Fast Y elloTjD 


>x=x<;^ 

HOsS" 


sAia interxnediate step 5s omitted; there is first foirmeci diazoaininol>enzene ^ — N" == X — XH — 

and. this rearranges itself under the influence of the acid int-o aminoazohenzene — X = 

A X UN’s. Xibis intermediate compound is formed in every coupling retactioii involving an amine. 
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Diazonium chloride coupled (acid) with meta-phcnylene diamine ^ivc< 
Chrysoidine, which dyes a brown-^^eilow. The dia.zonium ciilorido. it will 
be remembered, is made by diazotizing aniline. 


Sulfanilic acid 



XII, 


HOs 


XHo 


diazotized gives p-sulfonic diazonium chloride wliicli may be coupled 
ialkaline) with a-naphthol to form Orange I. 


^ iiOzS::' .Oli 

Ornatje / 

If instead of a-naphthol, diphenylainiiu.^ is iiseri, ( >rangc IV resiilrs. 
Metanil Yellow is an isomer of Orange IV: it is made in tlie sa:iie way, 
except that ?/^“Sulfonic aniline is the body wliich is diazotized. 

^ V ^ ^ / — ^ - 

ho 3 s<^ _ - 

HO 38 

Orange IV ^Ictanil Yellotc 

If sulfanilic acid is diazotized and coupled with diniethyl aniline. 
[Methyl Orange or Ilelianthine is obtained. 

diethyl Orange 


IVIeta-xylidene diazotized gives the corresponding 

CH 3 

dimethyl-benzene-diazonium chloride ; if the solution is run into an 
alkaline solution of R acid. Ponceau R, a wine-red dye, results. To 
avoid vrriting formulas twicej only the formula of the dye will be given, 
but the place of entry will be marked by an asterisk; this will make it 
easy to recognize the component parts of the dye. It will be understood 
that a molecule of HCl was formed and removed at the place marked 
Bordeaux B, which dyes a purer red, consists of diazotized a-naphthyl- 
amine coupled (alkaline) wdth R acid. 


± J?]<r (CH3) 2 

VCLra-sulfonxc dimethyl 

diazoYii'wm. chloride aniline 

(from sulfanilic acid) 


H 03 S<(^ /Off 



a.-n.a phlhoi 
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HO SO3H 
CH3 / 



S 03 H 


S 03 H 


Ponceau R 


Bordeaux B 


\zo Rubine is made from diazotized naphthionic acid, coupled 1 alka- 
line^ Xevile and AVinther’s acid. Amaranth contains naphthionic 

acid again, but this time coupled (aikaiine) with R acid 


OH 


HO.iS':^ 






Faat Red C 




SO 3 H 


HOj 



A^mararith 




Chromotrone 2R consists of diazotized aniline coupled with chromo- 
tropic acid, while Chromotrope 6B is p-aminoacetanilide coupleo. witn 
the same cliromotropic acid. 


OH OH 


OH OH 


HO 3 S ' 
Chromofrope 2R 


SO3H 


CH3OC SOaH ' 

Chromotrope SB 


‘ SO 3 H 


Secondary Dis-Azo Ryes. If an azo dye has been made with an inter- 
mediate which contains a free primary group, this group m^- be diazotizei 
bv treating the azo dye with sodium nitrite solution and hydrochloric acia, 
the resulting diazonium compound may then be coupled to a ne^ 
mediate, and a dve will result which contains two azo groups. ...uch a a 
is a dis-azo dye, and, when prepared in this way, it is a secondary dn-azo 
dve. Primary dis-azo dyes are described later, unaer benzidine d\ e&. 

Several examples will be given. - xi - 

Para-aminoazobenzene or “butter yellow” is again tlm simplest case^ 
it may be diazotized, and if then coupled with R acid. Cloth Red 2R _ 
formed : 



Biazotized 

para-CLminocizobertzene 


SO3H 
R acid 


Cloth Red 2R 


If the diazotized para-aminoazobenzene is coupled with G aci<k 
Brilliant Crocein results. Amino-azotoluene may be diazotized ana 
if this is coupled (alkaline) with R acid. Cloth Red B is obtained. 
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Srillxa7it Croceiri JV/ 


HO SOsH 





.SO 3 H 


Cloth Red B 


In the manufacture of Fast Hlack L, para-aminosaiicylic acid is 
diazotized and coupled with ct-naphthyl amine ; the resulting compound, 
containing one azo ( — jST = ZST — ) group, is diazotized again, and then 
coupled tvith Gamma acid. 



]sr:cn-H;< 


— \ ^ 


© 

XPf, 


pa ra-a m'in osalicyl ic 

acid and cL-rcaphihylarnhie 

(diazotized) 


give a first dye. This first dye treated with sodium nitrite and acid gives 
the diazotized product (the new azo group forms at ^ 1 the solution of 
which is poured into the alkaline solution of 7 -acid. 

OH 

OHc^^ \3sr=isr<^^ \n=:s* - ^ x ii,. 

I h X i I ! 

COOH \ / 

HO 3 S 

Fast Black L 


Sulfanilic acid diazotized and coupled with a-naphthyiamine gives a 
mono-azo product tvhich has a free amino group; this may be diazo- 
tized in turn and if coupled with l-amino-8-naphthol-3 : 6 -disulionic acid 
«H acid), the black dye called Buffalo Black lOB results. Another black 
in this class is Durol Black. 


HO XHo 

SO 3 H 



Buffalo Black lOB 


HO.S<^I> <- 




HHCfiHs 


J>S 03 H 


Durol BlacJc 
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It will be elxserved that for these black dyes tlie molecule is large, 
ariii that it contains in each ease the grouping 



Mordant Azo Dyes. Certain azo dyes have the property of forming 
insoluble "lakes’' with metallic oxides; these lakes are fast to washing. 
The metallic oxides chiefly used are those of chromium and copper. 
The observation has been made tliat in order to form lakes, there must be 
present in tiie molecule a iiydroxyl (OH) group witli either a second 
hydroxyl, a carboxyl (COOH) or an azo ( — X = X — ) group in ilie 
ortho position to the hydroxyl; this observation is called a rule, and has 
already been given in a previous chapter. The following dyes are examples 
of such lake-forming azo dyes. 

Para-nitraiiiline diazotized and eotmled (alkaline) with salicylic acid 
forms the so-ealled Alizarine Yellow, one of the simpler of the mordant 
azo dyes. 


COOH 

Alizarine Y eJlozc 

Anotlie-r c-xample is Chrome Brown, made by diazotizing picramic acid 
and <*oupling it ( acid ^ with //£-toluenediamine: 

U2>^011 
r ;XHo 

picrarnine 

Still another examples is Chrome Black P V, shown below; it is made 
iw diazotizing ortlio-aminophenol-para-suifonic acid and coupling it (alka- 
line) with 1,5 dioxyna|uithalene. Two other important members of this 
group are Acid Alizarine Black and Palatine Clirome Black, whose com- 
ponent T3arts are sufSciently shown in the formulas: 


OH 



SOsTl OH SO3H SO3H 


Ohroytie JBlach PY Acid Alizarine Rlaelz Palatine Chrome Blaek- 

Diamond Black F is a secondary dis-azo dye which is also a mordant 
azo dye; it contains salicylic acid, a-naphthylamine, and Xevile and 
Winther^s acid. 


OX OH 


XH.> 


'>X=X< 


X- 


X, 

CH 

Chrome Broicn 


\XH 
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OH 



i 'x i I : 

COOH X // " ./X/^ 

! 


iSOgH 

I>i(iniort(l Bhich F 

It will he noted tliat this dye has two lake-forniin^ groupings. 

Primary I>is-Azo Dyes. The azo dyes described in tlie previous 
sions are mainly direct dyes for wool, or in tlie last division, mordant 
dyes for wool. Xiie primary dis-azo dyes in the present division are 
mainly direct dyes for cotton, to which they are a^ppliod in the form of 
their sodium salt, which is a.lso the form in wliich they are nianui act lire d 
and shixiped. Such dyes arc dis-azo, since tliey contain tvoo azo groups: 
and they are called jirimary, because the substance forming the starting 
point contains two primary amine (XTHo^ groups: both may he riiazo- 
tized, and both resulting diazonium groups may be coupled to some 
intermediate. Benzidine or closely related substances iire used fur these 
dyes. 

HsXC jp— <ypxfr. XH. 

^ ' HaC ' CHc C:Hi<) ' \jCIi.-; 

henzidhte iolidiiie ti iani-iidi.7Le 

In addition to the primary dis-azo dyes there are tris-azo and tetra-azo 
dyes which are direct dyes for cotton. 

Both amino groups in benzidine may l.)e diazoTizt*d siinuit aneously 
without being even partB" destroyed by the nitrous acifl, and without 
needing to be protected by acetylation. This property is siiared by other 
substances among which diaminostilbene-disuiionic* acid ;ind fliamino- 
diplicnylurca derivatives arc of importance.^^ The simultameous diazoti- 
zation of two amino grou])s is called tetrazotization, and the resuiiiiig 
product a tetrazo comioound.'^ 

H2X<^ ^CH=CH<^ PX'H.J HoXv^ ^XH.CO.XH<:' ^^XHe 

'' SO 3 H HO 3 S '' 

diaminostilbene dinyninodi phen yl urea 

disi-ilfonic acid 

Benzidine in the free state is a brownish powder insoluble in water 
but soluble in dilute hydrochloric acid; both amino groups are diazotized 
together, and the resulting solution poured into the alkaline intermediate ; 
if the same intermediate is to be introduced at each azo group, two mols 

«Xoluene diamine para-sulfonic acid may be diazotized at both groups without- covering. 

ivru= 

HaC ^SOsH: 

^ -ISflfa cannot be diazotized at both groups without destruction. 


* Para -phenyl enediamine IJeN'. 
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are used. The commercial procedure may be illustrated for Direct Blue 
2B, %vhich is made by coupling benzidine with two molecules of H acid. 






/ "C 

benzidine 




XFIe 


ClX=X<y \x=XCl 

tetrazotized benzidine 


Benzidine is suspended in water in a wooden vat (Fig. 169> , five 
mols ® of hydrochloric acid are added, and the whole brought to a boil 
by passing in live steam. The required amount of acid is four mols, 
as indicated by the diazotizing reaction in the introduction to this chap- 
ter, two mols for each amino group; one mol is then the excess used. 



Figure 169. — Apparatus for 
manufacturing a benzi- 
dine dye ; 1, sodium ni- 

trite solution ; 2,. vat for 
tetrazotizing th.e benzi- 
dine hydrochloride; 3, 
vat for coupling; it con- 
tains the alkaline solu- 
tion of H acid, to which 
contents of 2 are added; 

4, blow-case ; 5, com- 

pressed air; 6, discharge 
line to press ; 7, press ; 

5, vacuum drier. 


As soon solution lias taken place, ice is added, when a large part of 
the benzidine hydrochloride sei:>arates in a finely divided solid. Two 
mols of sodium nitrite, in solution in 'srat 1, are run in gradually; for 
184 pounds of benzidine (one mol) the addition of 138 pounds of nitrite 
(two mols) w'ould require two hours. In the meantime 446 pounds (two 
mols) of H acid are dissolved in an excess of soda ash in water (vat 3) ; 
to this, the contents of 2 are added, while stirring. Enough ice is added 
to keep the temperature at 5^^ C. The dye separates out only in part; 
in order to sei>arate it ail, the contents of the vat are warmed by i:>assing 
in steam through a movable pipe, solid salt is added and dissolved, then 
the contents cooled; all of the dye precipitates. The soda ash used with 
the H acid is sufficient to form the sodium salt of the dye. 

The suspension is run into a wooden or an iron plate and frame filter 
press ^ ; the filtrate is tested with more salt;, and if exhausted, it is run 
to the sewer. The cake is not washed, but merely freed from most of the 
adhering mother liquor by blowing with compressed air, while still in the 
press ; the portion of the liquor retained must be removed by drying. The 

s Th.e mol is the iiuml>€r of graixis or pounds numerically equal to the molecular weight. 

® Chapter 42. 
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moist caice is discharged onto shallow trays which are placed in a sta- 
tionary vacuum drier wherein the moisture is removed at moderate tem- 
T>erature (70^ C. ) . The trays are placed each on a hollow steel shelf in 
wiiich low-pressure steam or hot water is circulated. All dyes discussed 
in this chapter are solids, and are sold in the form of x:)owders, or pastes. 


HO 



SOaXa 


x 

X 

X :lO 3i!5 


>XH. 

U}H 


isr=x 








>x=x 


Direct Blue 3B 


If it is desired to couple different intermediates at the two azo groups, 
it is possible to do so because one group couples fast while liie otrier 
couples slowly. By pouring one mol of the intermediate into tiie tetrazo- 
nium solution (the reverse of the usual order), one of the diazonium 
groups is coupled in each molecule; the second remains free,-'^ and may 
be coujDled in a second operation. In such a case one var for each inter- 
mediate must be provided, and must be placed at a higher level than 
the benzidine vat. 

Direct Blue 3B is one shade bluer than the previous dye, and consists 
of tolidine coupled twice (alkaline) with H acid. 

Sky Blue FF is dianisidine tetrazotized and coupled twice (alkaline) 
with S S acid/^ Direct Blue jST R contains tetrazotized benzidine coupled 
once (alkaline) with H acid, which has previously been coupled to diazo- 
tized aniline, and once wdth y-acid (alkaline). 



Sky Blue FF 


OH XH. 



OH XHs 


Direct Blue NR 


A green dye is made by coupling tetrazotized benzidine wuth H acid 
(alkaline) which has previously been coupled (acid) with diazotized 
para-nitraniline, and at the second diazonium group with phenol. 


The end-point for the first g-roup is found by touching drops of the solution on a filter paper 
wetted with an alkaline solution of R. acid. 

“ 1 -amino 2 -, 4-disulfonic 8-hydroxynaph.thalene. 
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=X 


oh: xh« 

! I " 


=x 


>xo 


XliC >»S-. 


! s<:):,Xu 




N-- 


=X 


\_ 




OH 


Direct Green 


The composition of two oi'ange dyes, two red dyes, a violet dye, and a 
black d\'e (these latter two on page 495) are exhibited by their formulas: 


X : X 


XH» CH= 
\ 


H-.C 








XH- SOsH 


HsCk > XHoCHs 

N :X<. ^ 

xiltj SOatl 
Tolui/Iene Orui^ge R 


N 


I 


XH^ 


I J 


I 


XHo 


XOo 

XOo 


i 


HO3S J 

X=X. ^ 

R yratnine Orange R 


XHo 


OH 


\ 

/I 

/ j 

: X-< 


\ \ 

J 1 


x 

1 

/ 

OH 


X 

:X-^<; 






H03S<^ 


Sordeaux (y'ed) 




O 

H 


Direct Red J 


In Direct Violet, the coupled acid, as the place of entry of 

the azo groups indicates; the coupling may be performed alkaline, when 
the i3lace of entry will be adjacent to the hydroxyl group (at X X), and 
this slight difference in structure causes a blue dye to be produced, instead 
of a violet. 

Stable Diazo Salts. A new development w^hich is rapidly gaining 
favor is the manufacture of stable diazo salts, which consist of the 
uncoupled diazonium compounds in the form of its zinc, magnesium or 
tin salts. After foiming the salt, the salted-out material is filtered and 
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X 


soar 


TI<>< 
X : X/ 


Xll. 


X 


- X : X- 
! X:i< >:,S ■ 


II 

o 


-X : X 
SO::X:i 


X soar 

i 

! ' 

/ = 5 : 

jsrii-, 

iJirert 


! XH, 

- - N :X/ , XH: 

T}irect lihick 


.iriod as thorouo-Iily as possible on a suction nutsch. Xext tiae cake is 
t, tiSC iitii o aiiCi mixticl witli anliydi’ous potassium alum, oi* aiiii'c'di'ous nia^”* 
nesium sulfate, winch take up the remaining water in tlie form of ez-ystai 
* i- his IS done because "tlic? diazo salt cannot be dried i*v iieat^^-g 
since it would be likely to explode. The dry diazo salt is shipped to 
^aistomci , ^ ho piaces it in watt^r solution, anci passes cotton .■^keins ta* 
cloth tiirough it. The goods are wrung out. and sent throuah an alkaline 
nziphtliol tor other) bath, so that coupling takes place on the cioth. The 
result is a light-fast dye. 

It will be noted that the jn-occ.ss re.<eniblcs vat dveintr: it n-(;u:re.^ 
much simpler formulas, fewer chemical.-^, less skill, and less time. 

The diazo compound is stalile Jjy virtue of the formation ui its salts: 
lienee the name. 

Dye for Gasoline. In order to color gasoline red, it dye called Oil 
Hcd ECt is used, among others. Its formula will indicate tiiat it is matie 
by diazf)tizing aminoazfixylene, and cou]->ling it with /S-naohthoh 


H 3 O 


X=N 


Clio 


_>X=X- 

CH, 


X 


no" 


II 3 C ‘ 


Oil Red EG 


Stilbexe Dyes 

The stilbene dyes contain the chromophore — X:X — , not obtained 
iiowever by diazotization of amines, but by the action of caustic soda on 
l.)ara-nitro--toluene sulfonic acid. The colors formed by this reaction 
vary with the length of heating, temperature and concentration of caustic, 
so that in order to duplicate a color, the exact conditions must be observed! 
Little is known of the constitution of such dyes, and most of the brands 
on the market consist of mixtures of products formed during the reaction. 
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The ZMikado dyes belong to this group; Sun Yellow, shown below, is 
an example. 



: .N 




SO 3 H 

c5h 


OH 

CII 


6 n 





X X 



0 

Su7i Yellow 



Another example of the stilbene dyes is Brilliant Yellow (used chiefly 
for tinting iiaper j ; its formula is given below. Treated with etlivl 
chloride < CiiH.iCi.l under pressure, the two iiydroxyls are changed to the 
ether groups ('Oil becomes OC AA-u') , and the more important Chryso- 
phenine, a bright yellow dye which is faster than Brilliant A'ellow, is 
produced. 

SO3H HO3S 

Brilliant Yellou' 

PvRAZOLOXE Dyes 

Thc^ pyrazolone dyes contain the pyrazolone nucleus 


CII=X 


3 


2 \ 

1 XII 


i 4 5 

— C=0 


Tartrazine, a favorite yellow dye, will be the example for this group. 
It is made by mixing a solution of 1 mol dioxy-tartaric acid and a 
solution of 2 mols phenylhydrazinesulfonic acid; on heating slowly, the 
dye forms. 

Pyrazolone derivatives made from ethyl aceto-acetate condensed with 
phenyl hydrazine,, para-sulfonic phenyl hydrazine, 3-6-dichlor-4-sulfo- 
phenyl hydrazine, and others, coupled with diazonium compounds of the 
benzene series, yield light- fast, clear yellows for w^ooL Coupled with a 
diazonium compound of the naphthalene series, a chromed red is formed; 
coupling takes place at 4. 

l-ptienyl-S-snetb-yl-pyrozolone is antipyrine, a. pliarmaceutical. 

^ Al3.de by oxidizing tartaric acid witla nitric acid. 
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coon 

i 

C=X 

\ 

. X - G6H4SO3H 

C=C"^H 

I 

N 

X • CeK^SOsH 

Tartrazine 
(a yellojjo') 


CII3 

C=X 

I >■■ 

C=C • OH 
i 

X 

X 


HOf 


SO 3 H 

Eriochrotne Red 3 


Tripiikxylmetiiaxe Dyes 


Rosaniline, fiichsine, malachite green, and crystal violet are members 
of this class; its chromogen has three benzene nuclei attached to a cen- 
tral carbon^ the so-called methane carbon, but one of the benzene struc- 
tures has been altered to the Quinone structure. The salt-forming Giroims 
are para to the methane carbon, and are usually the amino" 
Para-fuchsine, or Fuchsine, is the simplest triphenylmethano dye; it is 
a hydrochloride; the chromogen is shown next to it. 





=XH.IIC1 


XII 2 
F uchsine 
(red) 






C hro77ioqc7t 


Fuchsine is the salt of a ^vcak base; it is easily changed by alkali to the 
colorless carbinol. This property has greatly restricted its use: but if 
chlorine is present in the molecule, ortho to the methane carbon, the new 
dye is alkali resisting. As example. Fast Green is given. 


(CH3),N<^ ^.=X(CiI,d..CI 



Fast Green 

There are two methods of manufacture; one may be illustrated by 
rosaniline, which is made by condensing 1 mol each of aniline, para- 
toluidine and ortho-toluidine in the presence of nitrobenzene as oxidizer. 
On neutralizing the resulting carbinol with hydrochloric acid, the dye 
forms. 
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:Nrj:io 


H 2 X< 




">XHo 


OH 




> — c 




llC'l 


CHs 




o=--V 

1 

X. V i 




H c 




XIIo 

leuco base 




-YILA.) 


■ J CH 
xria 

Rosa ytiltnc 


The other inetlioci inv(.)lve< tiie oondeiir^at ion of aromatic aldehydes, siii*h 
as benzaldehydC; C<3l:I.-,.tT10 : monoc*hlorol>cnzaldehydo, C1.0(;Tl4.CH( > ; 
and of ketones, such as INIichler's ketone, i^CTI.*?) .C<jri4.CO.CoH 
imade by i)assing ]:jhoso;cne, COCk, into dimetliylaniline, 
(CHrs i 2) with aromatic bases. HcnzaldehydG (1 mol) conflensc;> 
with 2 mols dimethyl-aniline in the presence of zinc chloride to form a 
leuco base which on oxidation with lead peroxide and treatment v/ith 
hydrochloric acid yields Xlalaehitc Green. 

C= ^.=X( CH.).C1 


X'.CHc)- 
Malachite Green 


The condensation of ortiuj-chlorobcnzaldeliyde with dimctliylaniline leads 
to Fast Green, witli the formula as given above. INIichler's ketone con- 
denses in the presence al i^liospliorus pentachloridc witii dimctliylaniline 
to a carbinol which is clianged by hydrochloric acid to Crystal Violet. 
The same ketone coiiflensed with a substituted r^-naphthylamine gives 
Victoria Blue. 


(CHa)=x< __ c=<;^^;.=:X(CH3). 

/'"x Cl 

; 1 

XCCHah 
Crystal Violet 


(CH.)sX<; _ >— c= 

Y 

H5C6-HX 




=xrcH3)" 

! 

Cl 


Victoria Blue 


The diphenylmethane dyes are unimportant, except for Auraminc, 
a yellow dye. 


(CH 3 ).X<^ 



XH.HCl 

A-Xiramine. 


XeCH,), 
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I- iii< >rt‘sfM*ni . c-osiiie. uinl rliodiiiiiiiu- ri‘]>i-c*seiit orich a st^i’ies tji' livt-s 
waii-i; coniain ihc samo fi‘!sti-ai sfruct iii-f. {-ailf.! xaat hcJa-. with tin'- 

liiriiiiiiii 

.'<>X 

lit* 

T]if.-y are therefore cla::?sed together as xanthene dyes. Fluorescein is 
■naJe by heating in an iron vessel i>htliaiic anhydride *1 inolK resorcinol 
2 riiois), and zinc chloride; the temperature is regulated bv means of 
an oil or metal bath and kept at 220^ C. for 7 hours. Ti-e ii^elt is dis- 
solvt^d in caustic soda, and the fluorescein ])recij)itaLe 4.1 by acidifying; 
it is a yellow-red powder. Its alkaline solution iiuoresces areen-veili^w. 
Fluorescein itself is not an iniDortant dve. 


ilOd bOH 


I lO / 


■ OH 

I 


lU) 


re^iorcinol 

I 

Lc w( > 


ij 

('■ 


i ) 


Hjii 


phi/ialic 
imhyd riilp 


Dissolved in aicoliol and treated witli l)roinine while warm, four eouitui- 
Ic-nts are absorbed to foi-ni let rabvouiofiuorescein or eosine. 


Br Br 


Brt 


1^ 

"^Ncoorr 


jRosine ireiF) 


(CoH/nX 




,<x CMP 


b tCOUH 

J^)iOfIa7tiLtte H 


A number of other cosines are obtained by iriaking dinitrodibromofiuo- 
resceiiij and similar compounds, or their esters. 

Erj’throsinc is a di- or tetraiodofluorescein ; Pliloxine the tetrahroiiidi- 
c 1 1 1 o roll iior es c e i n . 

Rliodamines are made by condensing phthalic anhydride with methy- 
lated or ethylated meta-aminophenols in the presence of zinc chloride 
and treating with hydrochloric acid. Rhodamine R, a bluish-red dye, is 
shown above. 

Galleine is a good mordant dye for cotton; it is made by condensing 
phthalic anhydride (1 mol) with pyrogallol, 1,2,3-trihydroxybenzene 
(2 mols) - 
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Related to the xanthene dyes are the acridines, azines, oxazines and 
thiazines. Acridine Yellow results from the condensation of rneta-tolu- 
lene-diamine with formaldehyde followed by oxidation, and treatment 
with hydrochloric acid. Phosphine is a by-product of the manufacture 
of fuchsine^ and is an acridine dye. 



A cridine Y elloxc 


II Cl 



Phosphine 


The quinone-imide dyes, derivatives of indamine and indophenols, 
have not been listed separately because in themselves they are not impor- 
tant; but they require mention here because azine dyes are made from 
them. Indamine is made from para-plienylenediamine and aniline: 
Safranine is an azine dye. The azine nucleus has two nitrogen atoms in 
tlie central ring. 


Nxilo , ^XH., 

20 

p-pheriylene- aniluie 

diamine 

X= H 

^ XHo 


X. X 


HoX- 


indamine (solid) 



Safranine B 
an azine 




Alethylene Blue is a thiazine; its nucleus contains nitrogen and sulfur 
in its central part: 
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oOl 


X- 

(GHnXX 

I 

C] 


I 1 

S / X.X 


’xrcHc), 


On nitrating IMethylene Blue, ZMethylene Green i< formed. XleidoiaX 
Blue is an oxazine dye. 

Alizarixte Dves 

The alizarine dyes may be considered derivatives of antriraQuinone : 
they are actually made from anthraquinone in many cases, but some- of 
them (for example Anthrarufin) are made by condensing benzene deriva- 
tives. The anthraquinone is the chromogen, vhich contains two ei;rorno- 
phoi'e groups, the two >0 = 0 groups; on introducing the salt-forminiit 
group OH, a dye results. With two hydroxyls at 1 and 2 f consult Chap- 
ter 27 for the numbering) , the dye is Alizarine proper, a mordant dye 
insoluble in water; if sulfonic groups are introduced besides, the dye 
becomes soluble, and is an acid dye. Alizarine is valuable as a dye in 
itself, but it is still more so as the starting point of a large number of 
newer dyes of varied shades. (Formulas in Chapter 27. \ The sodium 
salt of )S-sulfonic anthraquinone is called silver salt. 

Alizarine is made by heating under i^ressure 100 parts of silver salt, 
so called because it looks like powdered silver, 250 to 300 T>aris caustic 
soda, 10 to 15 parts potassium chlorate, and some water, to ISO- C. in a 
closed cast-iron or steel vessel provided with a slow-moving agitator. 
The operation is an alkaline fusion, discussed in the previous criapter: 
but the hydroxyl groups introduced number one more than the sulfonic 
acid groups present. The resulting melt is dissolved in water, acidifierl, 
and the precipitated alizarine filtered and washed. It is sold in the form 
of a 20 per cent paste; it is used with mordants. 

On sulfonating Alizarine, Alizarine Red is formed, a mixture of tlie 
mono- and disulfonic derivatives; this is now an acid dye. 

Alizarine Orange is 3-nitro-alizarine ; while Alizarine Brown is 4-nitro- 
alizarine, and when this nitro group is reduced, the dye formed is Ali- 
zarine Garnet (German Grenat) , 

Alizarine Blue is made from Alizarine Orange, y3-amino a.lizarine, 
glycerine and sulfuric acid.^^ Other alizarine dyes are Anthracene Brown, 
1,2,3-trioxyanthraquinone, Purpurine 1,2,4-, Flavopurpurine 1,2,6-, and 



Alizarine Maroon Alizaririe Blue 


The Skraup synthesis. 
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Oxyantlii’arufine 1 ,2,5-trioxyanthraquinone. Alizarine Bordeaux is 1, 2,5,8- 
tetraoxyanthraquinone. All these hydroxyl groups need not be intro- 
duced by alkaline fusion, for sulfonating with oleum of certain strength 
in the absence or presence of boric acid or other substance, and subse- 
quent water treatment, permits the introduction of the hydroxyl group 
and a control of its place of entry. 

Vat ]Dyes 

A vat dye is insoluble in water, dilute acid or alkali; it must ].>c rediice<l 
to the so-called leuco compound in oi'dor to be soluble, and it is only in 
this state that it lias affinity for the fiber. The reduction was formerly 
done in a vat, hence the name, vat dyes. The reduction is performed with 
sodium hyposulfite,^'"' a powerful reducer, or by zinc dust and sodimn 
bisulfite; sodium sulfide reduces only partly. After application to tlic 
fiber, the original insoluble material reforms on exposure to the air Lw 
oxidation. 

Three groups may be distinguished among the vat dyes: tliosc wliic-h 
are derived (a'\ from Indigo itself, (b) from anthraquinonc, tind (c) otlier 
vat dyes which do not fit in a or 6, such as Hydrone Blue. 

(a) The indigo group: Artificial indigo was synthesized originally 
from anthranilic acid and chloroacetic acid, follo'wod by several other 
operations; this procedure is now obsolete for indigo, but is still used for 
thio-indigo. The next procedure is simpler: aniline and chloroacetic gives 
phenyl glycine, and this condenses to indoxyl by fusion with alkali. 

The really modern method is remarkably simple ; it is a combination 
of two reactions described in the patent literature. The first step is the 
preparation of phenyl glycine. In a ^vater solution of sodium bisulfite, 
formaldehyde is placed; to this is added aniline oil, and tlien sodium 
cyanide. The nitrile is formed in the cold, separated by filtration and 
washed free from the sulfite salt. The nitrile crystals arc warmed in 
an alkaline slurry; ammonia is evolved, and a solution of the phenyl- 
glycine salt is formed.^® 

^ . XaH80,l / V / — X 

I ^ N J I . ClI;^ . COOH 

nitrile oj 'phcriyl jyheriyl cjlyciiie (solid) 

glycine 

In the secc^nd step, the }>henyl glycine salt is condensed by lieating 
with a eutectic mixtiire of potassium and sodium hydroxide, in the pres- 
ence of sodamide,^^ which removes the -water formed. The yield is excel- 

Ohapter 4. 

German Tatent 135,332, also 151,538. 

German Patent 137,955. 

Sodamide is made by passing dry ammonia gas over molted sofluim. In a closed ves^I, 
l^ydrogen is formed, and is burned at a suitable outlet. 2Xa + 2N'PT;i = 2N‘a!XH!o 4- Ho. Sodamide 
is a Tviiite solid melting at 120® C. German Patent 117,623. These four patents are reproduced in 
Pricdlaender's collection reading references). 
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liriii., iiiitinly beciiUi?e the reaction 
Irswer than in previous methods, 
decomposition of the indoxyi. 


temperatures 200^ to 220'" C., is much 
The iiiglier teiiiperat tires meant greater 


II 

— X — Clio 

COOK 


h XLiXIl2 = 
aoda midc 


poiftiiisiutn salt 
(if phenyl qlycinc 


II 

CIP XiiKi.) — Xil^ 
O 

i/alaxyl 


Aitea^ ilic -iiiJT'ion, water is acide'<l, and in this allealine soliiti 
:i]o%vn; the indoxyi is oxidized to indij:^o, w'liich pi*eciT)it ates and 
oil, waslied, and dried. Tw’o molecules of indoxyi form one 
with tiie removal of 4 hydrogen atoms (as water T. 

Hydroxyetliylaniline, formed when ethylene chlorhydrin is tre 
..imiiiiCj i?? s\ II t ] iCsiz od commerciaily to indigo w'ith a imjlton ir 
! jotassitim and sodium hydroxides containing ground ealciin 
•.ydrogen is evolved. 

Tiie tiiioindigos are made from phenyl thioglyeinc derivat:\'c 

In order to ap})ly indigo to fibers, it is reduced to hidi^o win 
is solul^le in alkalies. 


of ink'll go 

ated wid: 
Lixt:ire rsf 
■:i ^jxirle; 


:e, w:.:c:i 


1 1 1 1 
C.WC I 


o 


o 


Indiqo {blue) 

' in.'^oluhle powder; 


il 

/X 


II 

C — C I 

ox 


on oil 

Indigo White 
(soluble in alkali) 


C— C 

U(;/ f” .. 


tJ> 


C 




CJi the halogen derivatives, known commercially as Brilliant Inrlieios, 
tliose containing bromine give increasing green shades, while tiie chlor- 
inaigos lie between indigo and broinindigo in brilliancy. 

prepared by the direct bromination of indigo wdth 
liquid bromine in a ball mill, or by refluxing in nitrobenzene. 

The direct chlorination of indigo is performed in gktcial acetic acid or 
nitrobenzene suspension, and is less simple. 

Indigo is produced in the form of a 20 per cent paste, for domestic 
iiml export consumption. In 1930, 24,327,000 pounds of synthetic indigos 
were produced in the IJ. S.; in 1935, much less, 13,614,238 poundsd^^ 

(b) The anthraquinone vat dyes are made from a- or jQ-amino-antiira- 
rpiinone; a-aminoanthraquinone may be made by direct nitration fol- 
lowed by reduction; /5-aminoanthraquinone must be made by an indirect 
method; the /5-sulfonic anthraquinone is treated wdth ammonia under 
pressure. The simplest of these dyes is Algol Yellow. 

U. S- Tariff Commission, reports on Dyes. 
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XH-CO.CfiHs 



C> 

^Hgol Yellow 


I3y fusing /^-aminoanthraquinone with caustic potash,, Indanthrene is 
formed, a beautiful blue vat dye which is the fastest dye known at pres- 
ent. To this class belong also Fia-vanthrene (yellow) , Indanthrene Gold 
Orange, and the important phcnanthrones. 



(> 


XHo 


O 


IhX 





O 


(B-a m i n oa n th raq u i none 
(2 mo Is?) 



I ndanthrene 
(blue) 


(c) Hydrone Blue is a class of sulfur dye which may be reduced by 
sodium hyi:>QSulfite 2sa2S:>04 without destruction, unlike the typical sulfur 
dyes. In order to prepare Hydrone Blue R, para-nitrosophenol is con- 
densed with carbazol in the presence of sulfuric acid at a definite tem- 
perature; the product is fused with alkali polysulfide. The formula of 
the dye is not fully known. 



carbazol 


OH — > — OH 

-f- p-n i tros o- 

phenol 



Hydrone Blue It 


^ by sodium 
I>ol3rsixl fide 



H 


Hydrone Blue G is made from ethyl carbazol ( — ISf — C2H5 instead 
of jST — H) by condensing it with p-nitrosophenol ; it gives a greener blue 
than Hydrone Blue R. Like the other vat dyes, Hydrone dyes must be 
reduced (sodium hyposulfite in order to apply them to the fiber. 
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The sulfur dyes are insoluble in water; they are reduced b\' sodium 
sulfide and thereby become soluble, so that they can be applied to the 
riber: they are reoxidized to the insoluble compound on exposure to the 
air. The constitution is essentially unknown, but the proper raw materials 
and the conditions for obtaining definite colors are fairly well settled. 

2vleta-diamines, for instance meta-phenyienediamine, fused with 
.sodium polysulfi.de, causes the evolution of hydrogen sulfide and a melt 
which yields brown and yelio%v dj'es. Itedder sliades are obtained bv 
using deu'ivatives of azine; thus the methyl-aminooxyazine shown beio\v. 



fused with ijoiysulfide in presence of a courier salt. s:ives a Bordeaux 
color. 

Bine shades are obtained by treating diphenylamine derivatives in 
alcohol solution with sodium poiysulfide, which will be only partlv dis- 
solved: a water solution may be used also. 

From 




,OH 


there is obtained Immedial Sky Blue. By condensing nitrosoplienol 
and ortho-toluidine in 80 per cent sulfuric acid there is formed the body 




>OH, 


vchich treated with polysulfide in alcohol gives Thionone Blue. Similarly 
the condensation product of nitrosoplienol and diphenylamine, with the 
formula 

n n 

yields Pyrogene Indigo. 

On refluxing in water or by heating under pressure meta-dinitrophenol 
with polysulfide there is formed Sulfur Black. 

O2N 

In order to isolate the dye, the procedure is to dissolve the melt in 
water and blow in air till all the dye has separated ; it is filtered, washed, 
and dried in vacuum driers. 



50G 


7 .V Z> r ’^S TR I A L C II E^ I IS TR I ’ 


Dyes for Syxtpietic Rksix Prodi cts 


A s].)irit-soliible dye is made by adding to a '\vatt*r solution of u dvt* 
an acidified solution of diphenyl guanidiiied'' The dye treated inuv b^- 
directly soluble in water., or may require acitliflcation lor solurion. The 
dyes which are suitable for this transformation must be found bv trial • 
belong to a number of classes. In order to bring about the reac- 
tion, the ba.t.li may have to be heated to boiling, or it may not reouire 
iiTiy lieating. A precipitate is formed which is usually tarry. The clear 
liquid is decanted., and the tar dried, preferably under reduced pressure. 
Extensive use is made of these siDirit soluble dyes for coloring svnthetic 
:jnolding resins, for whicii they are well adapted, as they dissolve readilv 
in them. 


Just which dyes will be suitable for the diphenyl guanidine treatment 
cannot be told before a trial: the only general statement which can be 
made is that any dyestufi containing an acid group in its molecule, so 
that its sodium salt will be water-soluble, is worth a trial (acid colors 
direei colors, cliroi:>ie colors, aiirt certain cosine dyes.). 

Permitted Coal-Tar Food Dyes. The dyes listed herewith mav be 
used for tixe artificial coloring of foodstuffs and beverages, provided l:hev 
contain a minimum of 82 per cent of the rnire coal-tar dye, and onlv a 
certain amount of specified impurities and moisture make up the remain- 
ing IS per cent- The tests which must be usc^d to establish the presence, 
absence, or quantity of tlie impurities arc tliose which are pubhsiied in 
the official bulletin,-^ 


Ponceau 3R a rnoao-azo dye, made by diazolizino: crude cr-cuiui 

dine and eoiiplm.g xvith R acid ; a dark red powder, giving a eherrv water .-olution 
Ponceau s? A a=, a mono-azo dye. formed bv coliplino- d'azut'Zid 

i-amiiio-2,4-di-methyibenzene-5-suIfoiiic acid with i-nauhthol-d-^ub'onic “ . r-Pt tV ; 
a red powder, which dissolved in water gives red. " - - - . - 

Amaranth C:xjII-X«OioSaXan, a monob^izo div^e.. made bv diazotizins: iiaphthioni'-* 
acid and coupling with R acid; a reddish-brown powder, giving a mao-mita-red w-"a” 
solution. _ ^ - .-.V. 

Erjr'throsine CsiH&OsIA as. the sodium salt of totraiodofluorescein. a brown uow- 
der. which in water gives a cherry-red solution without fluorescence. ^ 

Orange I C-di: -XbCSS . Xa, a mono-azo dye, made by coupling diazotized sulf- 
aii-ilit- ..icid w ith ct— naphthol , a recidi^^h— orow^n powder, dissolving in waf or to 
an orange-red solution. ' " - 



a-napbthoI-7-sulfonic acid; a light yellow powder which in water forrii^ ’ a \’eiiow 
soiution, imaltered hy^eirhor acid or alkali. 

Tartrazine^' CisRyX .iO..,S:iXan, a i vrazolono dve ; it is a vellojw-oran^-e powder 
sr>liinle in w’ater. ‘ . 

Aoliow A R CieUitiXa, an oil-soluble mono-azo dve, is made bv coupling diazo- 
t ized aniline with .^-naphthylamine ; insoluble in water. 

fellow O B CiTHxsXp. an oil-soluble mono-azo dye. is made by coupling diazo- 
iized ortho-toluidine with ^-naphthyl am ine ; it is insoluble in watoi*. 

XJ. S- I>at. 1.674,128. 

1390 and supplement 1, '‘CHemistty and analysis of tlie permitted coal-tar food 

A. Ambjer W. F. Clarke, O. k- Evenson, and IT. Wales. Color laboratory. 
Bureau ox Cheniistxv, C. S. Dept. Agriculture, 1927-1930. 

* Formula will be found elsewhere in this cliapter. 
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('iiiinoLL Oi*f ‘€ ii. a C\:TlI;:r.!Xi;0«rfi.*]S a, a iriplienylincthLine iiyc-, is; mafic Yjy conacii'^^in^r 
a-Thylariilmc-sulioiiic acid witii benzaldeliyde, oxidizing, and converting tiie 
ijroduct to the mono-sodium salt. It is a dull dark-green powder, dis- 
jlving in vvatfu- to give a green solution. 

Light Green S F \ el jo wish G.jTH;;tZSr-Oi^,S:i]Srai!, a tri phenyl meiharie d^'c, has Tiie* 
.’mposition or Guinea Green B with an additional sulionic acid gro-.ip : it is a 
ri.i:sh-t)rovv-n powder which in water forms a green .solurion. 

Past Green P C 0:;TlIr,4X:iOioS;jX’a;i is a triphenylme thane dye v/h:ch is form’, ii 
V eondensimr bonzylothylaniiino-sullonic acid with para-hydroxy-ortho-suii obenz- 
h\-(ie aiyl oxidizing the resulting product. It is a reddish or brownish- violet 
liWt.hri*. which whem dissol\'cd in water gives a. bluish-green solution. 

hh-iiliant Rliie FOP G:;TiI:i.iOi,R:;iSr«>ra-, the disodiurri salt of the rriv h*' nyh;.-. ‘he.rs. 
vf ' lovmed by condensing bonzaldohydc-ortho-siilfonic aciri with c tiLy’;- ,i.-r- zyl.ini'.irLt- 
ih''.>nic acid; it is a dark purple ’oronzy powder which dissobres in we,.: or to loir;:: 
grr-enish-blue soliii ion. 

Indigoiino Cir,IIsiSro0^iS”iNra- is Iho sodium salt i'A :hc disuh’onie a^-id esf 
r» iV-rabiy made from synthetic indigo; it is a bIue-l>rowii (.a- i*r • i-brtjwn ; e>vv<.ier. 
hfeh clis'oK cs in war or to foian ii blue soliiiion. 


Tiiosc dyes are listed in tlie oi-dcr or tlieir absor]ii.ie>n <ui litr'nt in the 
visii.de spectrum, beginninj:^ with the red end, and proeeetling toward the 
blue, 

TTew Developments in Dyes. ZSTew developments in dyesrutYs witidr: 
x\iiA last few years, which arc of major importance l>oth as to vediie an«i 
. jiKi.iuit 7 v produced are (1) the Xeolan Dyes, (2) Celancse diyr-s. G3 * Polar 
or INIilling Dyes, (4) Flansa Yellows, (5) the ZSTaplitliols, tbi Stable Dia:zf ; 
Salts, and (7) Ivapido^en Dyes. 

il) The iSTcolan Dyes (Soc. Chem. Ind. in Base-i} or Pilar us F)ycs 
!. I. G. ) are acid azo dyes containing a co-ordinated metal atom in t:,e dye 
molecule.-^ It is a well known fact that “Chroming’’ dyes after they iiave 
been applied to the fibre by the addition of chromium salts to t'ne exliatist- 
iiig dyebath increases their stability or fastness to light and washing. 

These new dyes arc azo dyes made in tlie usual manner, excenr. that 
}>efore isolation the solution of the dye is treat erl with a chr'jmiuni salt. 
>u<di as chromium foi*mate under reflux or pressure, and the dye is tiien 
isolated. As a result, the cliromium salt of the dye is foritied before appli- 
cation to the fibre eliminating the necessity^ of a two step operation during 
the dyeing. The fastness to light and washing is as good a.s can be obtaiiierl 
with the older method of dyeing. 

Approximately 150,000 lbs. of these dyes were imported into the 
United States during 1935. 

(2) Fa})iac made from cellulose? acetate (Celancse'f , can nor. as a 
rule, bo dyed with the ordinary cotton or wool dyes. In recent yea.rs, 
with the increase in popular use of Celanese goods, a new group of dyes 
have been developed particularly for this textile alone. 

The production of these, the Celliton fGen.i , Set acyl fGeigy) , Celan- 
threne rDupont), ISTacelan (jSTational) dyes with various other brands 
totaled almost 23 -million pounds in 1935. They are made by dispersing 
VN'ater-insoluble organic compounds, usually basic in nature, by means 


UormiiltL -will bo found elsewhere in. tliiss chupler. 

--British Patent 210,890 (1929); German Pateiits 369,584; 369,585; 433,1-48; U- S. Patents 

l,r;‘33,44S; 1,796,058; 1,844,396; 1,844,397; 1,844,398; 1,887,602; 1,893,557. 
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of soaps or siilfonated fatty alcohols, into the colloidal state.-- As col- 
loidal pitrticles these dyes carx be ax:>piicd to the cellulose acetate. 

1-4 Diamino Anthraquinone 


O 



O XHo 


violet 

and Amino Azo Henzene 


yellow 




Xlla 


are typical ccnnpoui::j<is u.sed in tlieso dyes. 

*3) Polar or ^Milling colors are used on woolen fabrics, such as bath- 
ing suits or rugs which are subjected to sunlight and wear. They are 
dis-azo dyes, the third component being a phenol, which is further con- 
densed with para toIiKiI sulfonyl chloride, markedly increasing the fastness 
to acids and sea water.-’^ 

r4> Perhaps tlie most outstanding advance in the pigment field has 
been the introduction of the Hansa Yellow’s.-'*^ Those colors are clear, 
bright, ligiit fast yeilo\vs, in many respects better than the inorganic 
chrome yellows when used for the present day lacquers or paints. They 
are azo dyes ma.de by diazotizing amines, or nitro or chlornitroamines 
and coupling the diazonium compounds to acetoacet anilide or its deriva- 
tives. 


O H O 

ii ' r 

CHs — c — ci — 6- 


XH- 


x=x-<; 

IIonscL I cilow 






io; The "‘Xaphthols* ' are second components for develoi:>ed dyes, 
similar in method of application to Beta XTaphthol, but giving more varia- 
tions in shade and better light and w^ashing fastness. The x^aphthols are 
arylides of Beta Oxy Yaphthoic acid.-'^ 

Por example, XTapbthol AS is 



V. S. I>,‘itents 1,448,432; 1,610,916; 1,618,413; 1,618,414. 

U. S. natents 1,067,881; 1,602,776; 1,893,244 British. Batent 26,908 C1913)- 

tJ. S. Patents 1,059,599; 1,051,565; 1,644.003; 1,082,719. 

V. S- Patents 1,101,111; 1,935,554; 1,819,127; 1,971.409; 1,457,114. 

J. Soc. JDyfirs awd Ce>lou7-ists, 40, 218 <1924); 96, 229 (1930). 
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other than aniline, can be condensed witli tlie COOH group 
■Aji tiie 3eta Oxy >7aphtholic Acid in the presence of a deliydraiirig agent 
as FCIr,r etc.., forming other members of tills popular series ox dye inter- 
laediates- In physical appearance they are usually light tan. 

The^y are dissolved in an alkaline solution and are applied or ‘‘padded'’ 
on the fiber which in then run through a scjlution of a diaziK Cotuding 
lakes ]jlace in the a position. 

Using various numbers of the Fast Salts iStable <iia 2 o salrsi:, shades 
on cotton from yellow to black are available. Colors made from tiie 
Xaplithols are usually insoluble in water and hence are used fur pigments 
aii<i textile printing. 

Production and imports of the Xaplithols for 1935 totalk-d more tlmn 


6,000.000 lbs. 

^6.5 With the Xaphtliols came the development of the stabilized dia- 
zoniuin salts, the Fast Salts (Gen.) ,-*^ solutions of which can be used in 
place of preparing the diazo solution from the amine in the d 3 v’ehotise. 
Their manufacture is described in an earlier paragraph. 

Imports alone for these Fast Salts for 1935 amounted to 445.695 lbs. 

( 7) Tlie use of the Xaphtliols and Fast Salts led further to the develop- 
ment of the Rax:>idogens and Rapid Fast Colors. 

The Ra}')idogens are mixtures of diazamino derivatives of amines, 
for example, 


X==X — X 




CPI 3 

CII,COOII 


ivith Xa]ilithois in molecular pro])ortions. As such they have no color. 
However, when made into textile printing xiastes with suitable tiiiekening 
agents and ax^jilied to the cloth from printing rolls, the color is foririt-d 
by subsequent treatment in slightly acid vapors, ( acetic acidi in a steam 
chamber. 

The Rapid Fast Colors are the nitrosaiiiines of the diazo bodies, like- 
wise mixed with molecular prox:)ortions of the Xaphtliols. They, too, are 
arix^Iied to the fabric by printing and the color is develoioed in the acid ager. 

The principle underlying these tyj^es of dyes is that the diazamino or 
nitroso group can readily be converted to the diazo by the action of the 
acid vapors. Then before the diazo has had time to decomi^ose it couples 
with the Xaphthol which was present in the mixture as x>urchased. 

These dyes comx^ete with the vat dyes because of ease of ax:>plicaTioii 
which offsets the greater light fastness of the vat dyes. 

Uses and Production. Dyes go to the textile industry, pax3er indus- 
try, leather, foodstuff, fur, pigment, synthetic resins, boot x^olish, printing 
ink, and many other industries. A color confined to one industry, for 
example, the woolen industry, would be standardized on wool; on the 
other hand, Xigrosine, Citronine, Resorcine Brown are tested on vege- 
table-tanned leather. 

3 . Patents 1,572,715; 1,975,409; German Patent 94,495. 

^ IT. S. Patents 1,882,560 ; 1,882,561; 1,882,562; 1,858,623; 1,505,568; 1,505,569. 
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All dyes and dyestuflV, when isolated, have to l)e dried, milled aiiil 
stan< iardizecL Drying is dunie in v:t(*iiuin shelf driers, hot air ehaiuhc'rs. 
[Milling is done in a disint.t\gratoi*. or ball niili. Tiie dilntmts adtU^tl art* 
salt, aniiydiHJiis sodium siilfede, dt-xtrin, and otliers. 

For dyes which ]ia\’e a of salt, pressiiig in tlie liydiraaalie 

]>ress, for tiie removal of the greater i)art of the adhering water, is comiiig 
into general use. 

Of interest is also tlie fact that, at times, a second dye is a by-product, 
and must fintl an outlet: thus tvhen one ton of Oxyphenine Yellow 2G is 
made, one ton of Priinuline is simultaneously produced. 

The production in the h nited States for the year 1935 is indicated bv 
a few selected figures O'reun Census of Dyes, 1935, C. S. Fariff ('mn- 


mission) . 


l\ S. I'fX, iictlon . 

I^»uiuls 


Acid dyes 14,269,831 

I3ir'e(*T d^'es 26.073,439 

*^idh;r 16.949,143 

Wi.r. dve.'^ 27.908.296 

Food ^ivts 323 .9 IS 

Torii 101.608,743 


V:i]iie 5>t-*r 


cent S 


For coin]mrison, and because 
ft>rentiv, th(* fiuiui'i'S tor 1930 arc 


the dyes are 
52:iven below : 


itemized somewhat 


oi:- 


i\ s. j0:7f. 


yioiio-azo 



Xris-iizo 

Total azo 

Tri T •heny 1 r lif't liano 

Azine 

Saliide 

Anihraciuinono vat 

Food dyes 

S other classes, iiif-hidins: indigos . . 
Total, ail dye.s 


Pounds 

Cents 

7.209,622 

48.7 

10.109 .814 

51.4 

8,183,730 

31.0 

28,740,179 

49.6 

2,518,282 

107 .6 

2.4S3.507 

42.8 

14.232,076 

17.0 

4.197,338 

129.4 

304.912 

255.0 

24,819,359 

2S.9 

86.480,000 

42.9 




In contrast to tlie considerable production, the imports of dyestuffs 
in 1935 were 3,638,199 pounds of dyes; in 1914, the imports were over 
45 million pounds. 

Otiieh P-^tezstts 

German Patent 145,373, on phenylglycine production; TJ. S. Patent 1,431,306, on 
brilliant indigo; German Patent 237,262, JJ. S. Patent 1,012,363 and 1.473,887, all on 
indigo derivatives; raanufactiire of tri-azo dyes, and 1.821,290, of di-azo 

dyes; 1,848228, method for making black and gray vat dyes, comprising the con- 
densation of a sulfonated benzanthrone compound with hydroxyl amine, followed 
bj'^ alkaline fusion; 1,759,264, manufacture of new sulfur dyes; 2,029,313, x^i'<^ductioii 
and application of new dyestuffs for cellulose ester and ether by means of an 
unsulfonated anthraQuinone compound; 2,0G9,15S, dis-azo dyest\iffs, insoluble in 
water, a developed, dye lor cotton. 
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Problem i; 


1. A'Uf ure iruiuiiUi.(;Liiivd iroiu a. hill oi iiiatoriuli which Jisl* iho 

:h>: \’u’h.rus iii‘ 4 -n-dit*nt.<, ilieir purity, the liioi^jciilar weight, 

:;.-*d, and ihe iiioit'cular e(ruivaluiil.':i r<:]jn;.-vnied. Hie liiolecular weig 
:l.eerciic:ii oue, bill the iiiol:s iLSed ^iiid thereiure the liiui equi\'aleni in. 

iit.‘cei:iary lo drive the reaetdon lo an end, or lo exhau.'iL aii 3 ’ ceriai 
^^lich a Iisft include^ iieins lor caustic, ^ioda a.di, aeid.s, ^fodiuiii niirite 
inorganic chemical's. Working in a simpler wu^- <et up the hiil o: mate;* 
lire leauired to make 924 pounds of Direct Blue 2B, n^^xnAng that the 
rr-riecT, and that theoretical quantities will lead to a compieLe rea^.-Tion. 

Start Vt’ilh the proper weight of benzidine; make it iniu tiiazoiized 
rhf-n follow the descripiion in text. 

2. The 3 'ieid of indigo powder based on the piienyi gh'r'ine. ]^r: us a.'s: 
75 r.er cent. How much indigo blue and from it, indigo whitir will hi.- 
imm 600 pounds of glycine? How much sodamide will be z'equiivd. and J 
iudoxt'I i> foriiK'd? The m^droxides used are twice the wtjighi of the 
iilyciiiti* ; what size pot will be large enough to allow the lur^ion? Tl. 
.dianc should Ijo as indicated by the fusion kettle in Chapter 27. 


pounds 


ssmn- 

iji: e-otai; 
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Rose, J. Chem. Ed., 3, 973 (1926). liliistrated by 50 sainides of co-i>n-d edoth. 

"From %vithin the dyestuff industiw’,'*' H. Levinstein, J, Sue, 5C, 

251T (1931). 

"D^'estuffs and their manufacture,' J, Blair, J. Sgc. Chem, hid., 51, 197 1932,i. 

"The s^mthetic dj^es tuffs and the intermediate products from wLich liaw are 
derived,” J. C. Cain and J. F. Thorpe, London, Chas. Griffin and Co., 1933, 

"A.S.T.M. (American Society for Testing Materials) .standards on textile mate- 
rials,” 7)repared b\^ Committee D-13 on Textile Matoriais, October. i93G, pubh by 
A.S.T.AI., 260 Broad street, Philadelphia, Pa. 

'‘Alen and women’s shoe and leather colors for spring 1937.” Dye>:t-:i^.<, 34, 209 
(1936). 



About lOO year& cigo the French chemist, Chevreiil, demojistrafed 
that oils and fats such as olive oil and lard irere giycerides of fatty 
acids; oil this knoivledge as a basis the handling and refining of edible 
oils and fats teas remodeled. Some tiventy years ago tico French scien- 
tists. Sabatier and Scnderc?is, rtiade a?iother i?/iporta?it contribution to 
thiis field ichen they transfornied oleic acid, an oil, iyito the solid stearic 
acid: based on this reactioji, technologists from every land have con- 
structed a number of devices, so that to-day the 'diardening"' of edible 
oils i.nto edible fats is a irt lL-established branch of this hidustry . 


Chapter 29 

Animal and Vegetable Oils, Fats, and Waxes 

The animal and vegetable oils, fats, and waxes are esters of organic 
acids belonging to the fatty acid ^ series. An ester is formed by the 
combination of an alcohl and an acid, with the elimination of water. 
The animal and vegetable oils and fats are glycerin (really, glyeerob 
esters of a wide variety of fatty acids, in which the glycerin is the aleo- 
iiol ; wiiile the waxes are esters of the same kind of acids, but tiie alcohol 
is some otiier one instead of glycerin. The fatty acids belong eliiefiy 
to three or four subdivisions ; to the saturated series (stearic acid i, to 
tiie oleic series (wliich is unsaturated, lacking two hydrogen atoms), or 
to more unsaturated series lacking four and more h\^drogen atoms. 

Tiie glycerides of tiie saturated series melt higher than those of the 
oleie series. A fat is rich in glycero-stearate, and has some glycero- 
oleate admixed; while an oil would be rich in giycero-oleate and poor in 
glycero-stearate. But among the glycerides of the saturated acids, a 
further consideration must be made. One molecule of glycerin requires 
three molecules of acid to form an ester. If the three acid residues are 
the same, the fat is rather hard, thus glycero-tristearate, called stearin 
for short, melts at 72^ C,; if the three acid residues are unlike, the fat 
has a lower melting point, tiius giycero-distearate-monopalmitate, which 
melts at 63^ G. 


CH2 — OH 


CH,- 
i 




CH— OH-t- 3 C: 7 tr 5 oCOOH = CH — O — OC . 


glycerin 
(an. alcohol) 


CHo — O — OC . H35C17 
stearic acid glycero-tristearate (an ester) 


In each oil and fat, a number of different fatty^ acids occur, sometimes 
as many as ten, while six or more is the rule ; this would make the study 
of the composition of an oil difficult enough. The complication of mixed 
esters such as glycero-disrearate-monopalmitate raises the difficulty still 

^ It is be<*ause of tJieir presence in fats that these acids have been named fatty acids. 
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TTir^her: it is thci’cfore not surprising that there are many oils and fats 
■;vhosc ccinposirion is still unscttled. 

The study of the composition of the oils and fats is leased on a knovrl- 
chIgic of the constituent fatty acids, a number of which are listed in 
Tai->le 60, with the names of oils and fats in which they occur; these 
h'ltter are merely examples, for eacli fatty acifl occurs in a large number 
of oils and fats.- 


T-'BI.?: 60. — FaiL'i/ Acidi^ Occur finrj ut the Form oj hi Fat.-', niLU TV 


Hilt vric . . . . 



Cjroiii> A — S 
ZMelting: point 
of the 
free acid 

liquid 

IT ura ted .sens 

ZVIelTincj: point 
of the simpiC 
triglyceride 

liquifi 

C* i 1 h - f rr n '' e 

butler fat 4p7 





31.3° C. 


bur.ier :at. ^.'oeoi,-:; 

- 



43.6 

45 

?•! r o;: 15'' < 

Mvristic . - - 

CitH.-sCb 

53 .S 

56.5 

hul tr-r f-ar. 22 -fr 

^Aznixic . . - 



62.6 

05 

I'tairn a:!., lard 

Smirie . . . . 



69.3 

72 

all fats 

C:irr.ui:b!c - 

C.mH.sO.. 

74 

— 

eariiaui'ia. w.-x 

Ci'roTic* . . . . 



7S 

76.5 

I'.tr-e-sWiiX 

M('!]issic; . - 

C.AirXJ:, 

90 

S9 

booswax 


Cvoiip B — iinsLit lira ted, lacking- 

\\\<j iiy^irouT-ii. 

a I fiiitS 

JiU'ic 



14 

lioiiid 

olive (hi 70 'T^ 

Krucic 



33 

31 

rape gia : ii.-n oii 


Groii}) C — iinsatiii'iLtori. lackinj^ 

four h\'droaeii 

atoiiis 

I-inoHc . . . . 



— 

— 

cot.Torisc f d wil and 


Groui.) J) — mis 

itiiraU.'d. iackiiiir r^ix liydrotr-ri 

><.5ya tjeari oil 

LUonis 

hinolf'nic - 

a,AA;A)^ 

— 

— 

lirisf'ed c.>i: 

I.'oiinolf'tiit* 

C^sfkoO:. 

— 

— 

iinsec'd oil 


Xotc‘ : “Coforiut 45';?.” iiioiins that <if the fatty ac-i(is pro:-t*at ia mrf.i 
" -Mriirily froru J- I.owkowitsch, “Ohoinical tt'clinolofry and analy-ts 
3 X<.‘\v- Vork and Uondon, Xlacrniilan Co. 


The most important vegetable oils are cottonseed, linseed, olive, corn, 
peanut, rax^e, coconut, palm, and castor. The method of extraction is 
similar for all. The fruit or seed after cleitning by sieving and blow- 
ing. or by hand selection, is crushed and first cold-iiressed ior the highest 
grade, then pressed warm for technical grades; tlic criislied mass may be 
e.xtracted still further by solvents. In the case of etiible oils, tiie first 
grade is used for food x:>urposes; the lower grades are used ior technical 
purposes, including the making of soap. In order to be eciible an oil 
must be attractive; it must possess an agreeable flavor (olive oil.i and 
must be free from disagreeable odor. It must be pale in color, usually 
yellow; it may be without attractive odor, yet be wholesome and well 
suited for food. The oils used as salad oils in the Tnited States are olive 
oil, mainly imported, corn oil, peanut oil, and cottonseed oil (TVesson 
oil is cottonseed oil) . The chief use of linseed oil is in varnishes and 
paints; of rape oil for lubricants, coconut and palm oils mainly for soap 

2 Except butyric acid which, is characteristic for butter fat. 
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inakiiiix. \’c\i£ctablc fats are mainly artificial, made from the oils, sucli 
as cotTonsced oil, by hydrogenation. 

Animal oiL< and fats are: wiiale oil, fish oil i both less important now 
than formerly! ; by hydrogenating them, fats are formed, which are used 
in part for soap stock; lard and lard oil, for food; beef, mutton, and sheep 
tallow; cod-liver oil for pharmaceutical purposes; sperm oil, a liquid 
wax, for Itibri cation. The method of extraction is essentially a warmincr 
so tiiar the oil may run off or be pressed out. The best-known tvaxes 
are carnauba. wax and beeswax. 

It will be noted that nothing lias been said about distilling; none of 
the oils and fats can be distilled under atmospheric pressure without 
decomriosing at least T^artly. They are called fixed oils, in distinction 
from the odoriferous oils in tlic following chapter under the general name 
of essential oils, which are frequently distilled. The oils obtained from 
petroleum may also be distilled, but they remain well characterized as 
one group> because of their mineral origin. In discussing paints aiiil 
varnishes, the point of view of the varnish maker is adopted, who thinks 
of oils as drying, semi-drying, or non-drying oils. It is the state of 
unsarura.tion ini.iicated for certain fatty acids in the table rgroup.s C’ 
and 1> j . whi<:*h permits the so-called drying because of oxidation by the 
air'd it is the same iinsaturation which is relieved in another fashion 
by hydrogenat ion . 

In order to compare successive shi|>ments of the same oil, and in 
orrler to detect adulteration, a number of tests are applied, some of which 
are very old. In the INIaiimeno test, the lieat caused hy the addition 
of sulfuric acid is measured. Tlie saponification test records how much 
potassium hydroxide is consumed in forming the potassium salt of the 
fatty acid; an admixed mineral oil would not consume any caustic imn 
would thereby be detected. The iodine value gives a measure of the 
unsaturation. Sr<*cinc gra.vity and the refractive index in conjuiicti<sn 
witii the tests named above, and at times confirmable by specific tests, 
pvTinix identification of the oil and estimadion of its purity.'^ 

The color of oils is lightened by adding fuller's earth, bone char, pre- 
cipita.ted silica or similar finely divided substances, followed by a filtration. 

The extraction of linseed oil will be described in detail; the procedure 
for other seed-oils is similar. 


Lixseeu Oil 

Linseed oil is made by pressing warmed flaxseed ^ which has been 
previously crushed. Tiax is grown in several northwestern States, notably 
in ISTorth Dakota, ^Montana, -Minnesota, and South Dakota. The bulk, 
however, is imported from Argentina, so that linseed oil refineries are 

“ Com-parc under varnislies in Chapter 31. 

^ “Standard, methods of chemical analysis/’ W. W. S.cott, Xew York, L. Van I^ostrand Co. 
'■‘Chemical tc^dmolopry and analyisis of oils, fats, and. waxes/* J. Lewkowil.sch, London and New 
York, NIacmiUan Co. “Vegetable Fats and. Oils,” G. S. Jamieson, N'ew York, Chemical Gatalos 
Co., Inc., 1932- 

® Formerly called linen seed. 
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loeateci at oc-eaii ]>orts as well as at inland })oinrs. The main jjro<iiicr 
1< tilt- oil, blit an important b\'-j)rodnct is the ]>n‘ss cake, wliii'h lin'ii-s a. 
\"al ued cattle food. 

The liaxseed is stortnl in eh^vators very niiic'h as ^rain is. Tc rht^ 
expi‘ession of the oil, the seed is elevated to tlie tup ui a iive-srt>ry hnild- 
ing so tiiat in subsequent operations it may be fed by gravity. First it 
jaisses liorizontai screens which 2 *emove all coarse aiiinixed mLitter: then 
it is fed to a rotary bag blower v/ith numerous sinall conical Ijags. Tiiese 
are connected periodically and automatically with compresserl air, which 
blows out the chaff and small dirt. The clean seed is carrierl by a screw 
conveyor to one of a number of large storage bins: the erusiiiiig r^hls are 
situatecl under them on the next fiocir. It may !je interesting to n<jre rha"' 
iiaxsee?.! is slippery; stcpi:>ing into a tall bin means that a man will go 
to the bottcjin. The seed is small, about 3 mm. Icaig, 2 %v:*ie, and 

1 3nni. thick, so tliat it will escape tlirougli the botroin ai a :*ar!n wag^ ;r: 
unless the boards are brouglit close together. 

Tiic^ crushing device consists of o heavy steed rolls ndaced in a ver- 
tical line; the two tipper rolls are corrugated. Thz-ee roh> are h:rive::, 
the first, tliird, and fifth; the second and fourth art- idle. Ti^e s:»t-cd :> 
175 rpm. The seed from the bin is led }>y gra\uty tt# hue ion roh : by 
niean.s of small troughs, the meal is collected from ora- roh cmil fehi to 
the next, making four passages in all. A c(jinpfiett‘ly masiie I nn.'d':n: 
resuks, wliicli has lost all trace of shape. Tiie mashed meal pa>sf-- :.>y 
gravity to a two-stage^ steam-j acker ed kettle providicd with slow auha.*- 
tion rSO rpm.). Tlie meal enters the kettle in tlie center of the flrsr shelf, 
and passes to the second shelf through circumfei-enrial openings. It :> 
drawn from here as required. 

The actual j^ressing is controlled by two men, who oi;>erate a battery 
of six presses, three on a side; each press has thirty horizontal shelves. 
In order to form the meal into a slab-like section, a frame IS inches wi<u^ 
and 3 feet long is placed on a hair mat of slightly larger size and piishedi 
under a slide in the bottom of the kettle, whose base is hast above ti;e 
working table. The frame is filled by opening the slide; the mat anti 
frame are pulled out and lightly pressed into sh.ape hy an automatic 
ram. The frame is removed and another similar mat ]>hiCtMl ( crer the 
meal. Three such mats are made I’t^ady each minute. 

One of the six presses is always open, in process of being uriVuicke^i 
and at the same time reloaded ; the pressed cake from the- previous r)ress- 
ing is removed and in its place a fresh charge slipped in. Helow cutcli 
sixth shelf a wider metal tray is inserted to collect the oil and guide it 
through funnels and pipes to the main trough in the fioor. It takes 10 
minutes to empty and fill a section; the cycle for the i^ress is GO minutes, 
with 50 minutes actual pressing. The mats lie in horizontal planes; the 
pressure is applied by a hydraulic ram which rises in the vertical plane, 
from below. The pressure applied is 4000 pounds, and is transmitted 
by means of linseed oil, constantly changed to prevent its turning rancid. 
Lfinseed oil is used so that contamination by some foreign oil may be 
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avoided. Each section ])resses 54 bushels of seed per hour dienee 
also Tier cycled, or 132 busiiels per day, yielding 6.8 barrels'^ of oil. For 
the battery of six presses, the i>roduction is 40 or 41 barrels. It may be 
estimated that 20 bushels of seed are required to produce 1 barrel of 
uil. The number of batteries in a plant varies, but is usually very high. 
Tile oil obtained is about 34 per cent of the weight of the seed. 

The pressed cake, which resembles a stiff board, is laid on sinall 
trucks or on a conveyor which brings it to the trimming machine. Tiie 
edges are cut off because they still contain 30 per cent of oil; these trim- 
mings are returned to the v/arming kettle. The body of tlie cake retains 
5 to 6 per cent of oil, wliich is nut removed. It is broken into small pieces 
by a rotating cylinder with projections, and made into a powder in scpair- 
rel-eage disintegrators ^ with 52-incIi ba.^kets, rotating at extremely liigh 
speed. The press-cake pov/der is shipped in 100-pound l.)ags. So impor- 
tant has this by-i>rotliict become tiiat the fluctuations in its iirice are 
reflected in the yiriee of linseed oil. 

There is also in use a continuous process of extraction, in which the 
warm meal is pre.ssed by a tapering screw; the ]:)ressed cake retains 
about 10 per cent of oil. 

In 1935, the production of linseed oil (U.S.l was 483,025,310 pounds, 
valued at 9 cents a pound, and that of the cake and meal 470,760 tons, 
valued at $28.50 the ton ( $48.30 in 1929.» . 

Refining the Oil. The oil from the x^ress, filtered througli duck and 
flannel filter cloths in a |)late-and-irame is the raw linseed oil of 

c<5minerce ; its color is a yellow-brown. 

Targe quantities are refined furtlier by gentle heating for definite 
r>eriods to remove moisture, and by adding fuller's earth followed by 
filtering through duck, flannel, and thick ].^ax3er. The hc^ating must be 
care^fully regulated in order to avoid darkening the oil. The effect of 
the fuller’s, earth addition is partly to bleach the oil, x^^trtly to assist 
in tlie removal of finely suspended matter, called the ‘Toots. For many 
X>urposes the oil must be “blown’’ in order to give it body, that is in order 
to raise the viscosity. This may be done by heating with stea.m coils 
and blowing in air for certain ]>eriods. The blowing is usually followed 
by a filtration. 

Although linseed oil will “dry,’’ that is, harden on exxoosure to air, 
through oxidation, such dvvung is too slow for practical x^uri^oses. The 
drying is greatly accelerated by adding small amounts of the oxides of 
lead, manganese or cobalt/^ and then heating the oil under reduced jires- 
sure; the x^i'oduct is “boiled linseed oil,” wdiich dries in a few hours. The 
metals act as catalyzers in the oxidation. 

® A busihel of flaxseed, weiglis 56 pounds. 

A barrel contains 50 IJ. S. gsillons. 

^ Chapter 44. 

® Xhe pr€^s-cake meal sells nomrially for $40 to $45 a ton. 
lii Three -tentlis per cent lead oxide, D.l j>e^r cent manganese dioxide, or 0.05 per cent cobalt 
oxide have the same accelerating power; a mixture of any two is sxill better. Iron oxide is also 
effet‘tive but it is not favored because it discolors the oil. 
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\Mieii fresh, linseed oil is edible. JFor that purpose it is expresse<l 
eolti: this is done on the continent of Europe to some extent. 

The sTtecial tests for various grades of linseed reflect its chief use, 
that of a drying oil in pa.ints and varnishes. In addition to tiic usual tests, 
its color, drying power and sediment content (the foots) a.re observed. 

Vegetable Oils 

Olive Oil. Because of its flavor, olive oil is tlic most highly prized 
the edible oils. The olive tree is cultivated in Italy, southern France 
^ Provence! , Spain, Algeria, Tunis. a.rid southern California. In general, 
the fruit is picked just before it is ripe; its content of rrll varies from 35 
to 60 per cent. The pressing for the highest grade is done cold, some- 
rimes witli the stone, other times after the stone has 'oeen removed. The 
fruit is jiacked in muslin bags and placed in a cylindrical cage surroundcfi 
by a si'ieet-steei envelope to catch the squirting oil. A iieavy cylinrier is 
applied from above, with gradually increasing force V>y mc^ams of a hand- 
operated screw. The oil collects in the floor trough. Thic color is pale 
yellow. 

The pulp is mixed with cold water and pre<<ed again, best wit hi 
hydraulic pressure, and a second quality of edible oil is obtained. IMade 
up with hot water, still anotiior equality of edible oil is .^ectired. Finally 
the luilp is extracted with carbon disulfide, which gives a dark product 
suitable for soap making. There is a difference in compo-siiicjn in riie 
various grades. The free fatty acids, resulting from hydro]y.<i.<. are less 
than 1 per cent in the highest grade, 5 per cent in the next grade, and 
as high as 20 per cent in the technical grade. 

Olive oil contains mainly the glyceride of oleic acifl. a.n unsaruratetl 
acid: it is a non-drying oil. 

Peanut Oil. This oil is a A'cry acceptable substitute for olive oil. 
It is obtained by pressing the peanut, or earth-iiut, and is called in Europe 
R.rachis oil from the name of the plant, Ay'achis riypogcra. The seeds or 
nuts contain 43 to 46 per cent of oil. The shells and skins are removed, 
the nuts are ground in squirrel-cage disintegrators, and cold-pressed first, 
Vv'hen 18 per cent of the oil is obtained. This graxde is used for salad oil, 
and has a pleasant nutty flavor. Two more expressions at higher tem- 
]>erature furnish technical grades. 

Corn Oil. Wlicn starch is made from corn (maize) tliere is obtained 
as a by-product the kernel, which on pressing in the same way a.s flax- 
seed is pressed, yields an oil, and a press cake which is a cattle food. 
The corn seed contains 50 per cent of oil ; pressed cold a pale yellow 
product is obtained with a slight odor. This is removed by refining and 
the oil finds a market as a salad oil, in part under the name of IMazola 
oil in the United States. The lo^wer grades are used for soap making, 
to a limited extent in paints and varnishes. 

Palm Oil. The best grades of palm oil are edible. The fresh fruit 
is pressed slightly warm, and a pale yellow, butter-like material obtained; 
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it.- pfJiisuiiiistion i.- liiiiircf.I to the natives of West- Africa,^- where the palm 
Ela^is guineensis grows. The greater part of the oil is obtained by allow- 
ing the fruit to ferment in holes in the ground, then cither pressing the 
sofieiied fruir, or boiling it in water and collecting the oil which rises. 
The oil so obtained is suitable only for tcchiiiea.1 purposes, largely soap 
making. Several other varieties of pa.lnis arc cultivated in South America, 
and worked for oil. 

The rjalm kernels are collected separately and yield a soft fat of 
dilterent composition from palm oil. The kernels arc generally importe-rl 
to Europe and the Ignited States and utilized with modern working 
methods. 

Cottonseed Oil- The oil produced in the grea^test ciuantity in the 
Tnited States is cottonseed oil. Its production is twice as great as the 
r?roduction of linseed, wiiich in turn is five times the combined importe(i 
and hcjine-i^n'odiiccd olive oil. Table 61 below indicates the relative 
impjortance of a niiniber of the important oils. 


61. — f'Oi nitfl of lahle ht the l/iiitcd for 

d tm Fujjir* j-rotn th.r Bnrfrtu of the FJf j>a it ntc nt of LUnntncrcc. Thf 

d ui. Pouioh"'. Q7id far the Crude Oil, Utd(K.< Otheririf^c Dc.<i(/iini ed . 


Cm! ^ < >ri.-rr-c 1 oil 

rdn-f'od oil 

C Of omit oil 

< )livo oil (liiblo 

PclIlTI oil 

PjaIiti kernel oil 

Corn oil 

Cii^ror oi: 

Peinmr. oil 

Soyheyn oil 

itape;>;oed oil P'tJiz iU 
oil _ 

*In a'-Mitk-ri to lli:;; 
irripertefi. 

r ro-flnfcl. 


Prrfi-ict:c*:i 

1.1S4,03S.S60 

502,043,424 

252,841.492 

664.225 

none 

none 

99 .787 .7 S9 
46.627.313 
44.673,069 
105.056.204 
none 
none 

64,977,447 


Tmportif. 

2S,597,4SS 

2,232.451 

363.396,002 

70.7SS,530 

297,579,208 

50.592,641^^ 

25,746.090 

small 

80,723,225 

14,248.574 

60,297.893 

120,058.817 

small 


Exports 

3.655,133' 

986.109 

12,259,233 

small 
12,063.140 
833,101 
small 
712. 3S5 
4.111.188 
small 
4.924,004 
small 


amount of crude, 7,977,812 pounds of cdil>le palm 


Con.«urr: pt irtu 

1.182.334.379 
291,683.903 
542.041.069 
2,431.757 
251.292,538 
58,909.726 
135 .761.118 
25,762,198 
101,122.181 
100 .882 .342 
35.801,697 
114,286.682 
54.251,526 

kernel oil were 


Tlie cottonseed contains 20 per cent of oil; each pound of cotton brings 
two pounds of seeds. The shell is cut by rotary knives and separated from 
the seed proper in a wire gauze basket which rotates, letting the seeds 
pass and retaining the hulls. The decorticated seeds are crushed and 
pressed: crude cottonseed oil red or browm in color is obtained. It is 
refined by warming it with a solution of caustic soda which removes much 
of the color and neutralizes the free fatty acids. The caustic solution 
forming the lower layer is run ofi, and the rema.inmg oil washed. On 
standing in the cold, solid glycerides separate, and arc removed by filter- 
ing under pressure. The oil may be bleached further by adding fuller’s 
earth, and filtering; edible grades are prepared in this way. It is used 
to some extent as an oil, to a constantly greater extent for hydrogenation, 
which gives cooking fats. It finds considerable use in making butter sub- 


Except for 3 small quantity placed in some margarintss for color. 
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.-T;tiite<. Fcsrmeriy it was largely used for making bard soap; to sonic 
extent soya bean oil has displaced it. Cottonseed oil is a semi-drying ini. 

There were produced in 1935 1,1083582,294 pounds of cottonseed oil, 
vrihied at S.26 cents a pound; in 1933, the price had been 3.23 cents per 
i^ciund. The cake and meal produced in 1935 were 1,614,345 tons at 
S33.50 a ton (.S14.04 in 1933 j . Linters were 805,083 bales at $26.90 a 
hale tS8 in 1933). 

Coconut Oil. The cocoa palm grows in South Ainerica, India, 
Cochin-Cliina, in the Philippine Islands, and other countries. The fruit 
is imported in the dried condition under the name of copra. The rnl is 
expressed at 60“ C., a.nd is edible, cither rs such or mixed in margarines. 
Tiio ]iress cake is a cattle food. 

TiiC production of coconut oil is next to that of linseed oil Aar the 
Ihiitcd States). 

Soya Bean Oil. The soya bean contains 20 per cent of oil; it is 
grown chiefly in IManchuria, where tiie oil is also extracted. Ti.e met hod 
is to steam the bean and to press it warm; the yield is about 10 vn/v cent, 
.'^(jya bean oil is a semi-drying oil, anrl is usc»:l in varnish making, ahso 
for soap. The soya bean has been raised forage iz"i the United States, 
but not in any great quantity for oil production as yet. 

Castor Oil. Castc^r oil is obtained from tiie seed of ‘the eiist»n’ 
F^icinu^> coiufnicnisj, which grows in tiie West Indies, India, and rtti:er 
tropical countries. Tlic seed contains 45 to 50 per cent of oil. Tiie besr 
grade, the cold-pressed oil, is widely used as a mild ctitliariie. 0:her 
trra'ics iirc valuable as lubricants, mixed with mineral lubricating all. 
Castor oil is a non-drying oil; it is a plasticizer for Celluloitl anrl for 


mei aof': 


[20 cast nr 


,[acquers, 

A'^oltible Castoi' Oil or Turkey Red oil is sulfonated castor oil. Con- 
centrated sulfuric a,cid is mixed with castor oil at temperatures not exceed- 
ing 35 - C. ; after some time, a small amount of water is a<hled, and 
the dilute acid formed, w'hich separates as a lower Ia.yer, run on. Tiie 
oil is washed with a sodium sulfate solution. Ammonia is added in amount 
insufficient to neutralize the remaining acid, but sufficient so that trie oil 
gives a clear solution with water. The soluble oil is used extensively in 
the preparation of the fibers for dyes (Chapter 26) . 

Rape Oil. The rape oil, Brcissica caiyipestri;^., is cultivated in 
Europe; seeds are also imported from India, and oil from Japan. The 
seed has 40 to 45 per cent of oil; the treatment is similar to that of flax- 
seed, and the presscakc is a cattle food. Rape oil has non-gumming prop- 
erties, and finds extensive use as a mixed lubricant, with mineral oil. 

Sesame Oil. Sesame oil is of some importance in Europe. The 
sesamum seed is imported from China and India. The best grades arc 
edible, either as salad oil or in margarine; the lower qualities serve for 
soap making. 

Chinawood Oil, or Tung Oil- The seeds ( Aeurifes cardata} in 
a nut the size of a small orange contain 53 per cent of oil, the tung oil. 
Pressed by native methods, 40 per cent of the oil is expressed. In China, 
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this oil is used by the river men to impregnate the wood of boats and 
rafts in order to make them waterproof, hence the name, "‘China wood 
oil." Tiiis oil lias gained a tremendous importance in varnish making: 
it dries in one-third the time which linseed oil requires, and has other 
valuitble properties of its own. Chinawood oil consists chiefly of the 
glyceride of elacostearic a.cid. 'Within the past ten years trees have 
been planted in the United States, chiefly in Florida. An experimental 
farm ha.s recently been establislied in IMississippi. 


Aximal Oms AXD Fats 

Whale Oil. Wiiale oil forniorly wa.s an important source of oil for 
burning; the advent of X'^^'troleurn products has relegated it to an unim- 
portant position. The annual world's production of wha.lo oil is about 
tlic amount of olive oil im]:>ortGd into tl:e United States. The seats of 
tlic whaling industry are ISTorway, Iceland, and the American Pacific 
coast d- 

A large wiiale yiekis between 100 and ISO barrels of oil; the blubber 
or fat is rendered eitiier on board boat or in the home iiort. Tiie fat Is 
e}ioi>r.)ed fine and rendered by heating first by itself, then with water; 
certain parts of tiie carcass may also be digested for oil. The uses are: 
for leather dressing, burning oil, soap, and, mixed witii mineral oil, for 
lubricant. A^diale oil is also liydrogenated to a fat. 

Fish Oil- Fish oil is obtained by boiling either the whole fisli or 
selected parts in water and collecting the oil which rises. The menhaden, 
herring, and certain salmons are used in large numbers for this }.:)urpose. 
and many other fish in smaller numbers. The residue in the rendering 
pots is dried and sold for fertilizer. Fish oil is used in cheap paints to 
replace part of the linseed oil and for other minor purposes. The oil may 
be hydrogenated to a fat. at the same time losing its unr^^leasant odor; 
such fats are suitable for soap making (1935 production about 55 mil- 
lion pounds ? . 

Cod-Tiver Oil. The cods are brought to the home station alive, 
with steam trawlers, opened and the fresh livers heated in steam-jacketed 
kettles. Tlie first oil is prized for its vitamin content, and is used for 
medicinal purposes. On continued heating a second grade of oil is 
obtained, which is used in fine poultry raising. Livers which are brought 
in partly decomposed are 'rendered for an oil used in the dressing of 
leather (1935 production 1.1 million pounds) . 

Lard and Lard Oil. The fat of the pig is rendered heating it 
with water in closed cast-iron vessels under pressure and provided with 
an outlet for the release of overpressure caused by the formation of gases. 
After digesting, the liquid is run off; by cooling it moderately, a division 

There are 4 shore stations, each handling: whales caught within a radius of 150 miles: 
Landing, Trinidaci, in California; City, Washington; _A.kutan, Alaska. Production in 

10 million pounds. The most important whaling grounds of the world to-day are in the Antarctic.**, 
particularlv near Ross Sea. (From the Bureau of Fisheries, Department- of Commerce, Washington, 
D. C., and Bureau of the Census.) 
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into tne liquici part, the lard oil, and into a solid T:>art. the- lard nropor 
is inaue. The lard odis called oleo, and is made into oieomarHaVine.' a 
outter substitute « 193o production over 1.6 billion pounds*. 

Tiie operation of rendering has recently been iim:>roved and accelerated 
In the circulating rendering process of ^Vurster and i^anger Crdcairo sev- 
eral desirable ends have been reached: di Quick heating, vchieh reduces 
iac lot t4.nd "fue objectionaoie \'ellu\v color; i2) low temric-ratui'e 
avoiding scorching; (3) larger capacity for a given time period. 



PiGVRK 170. — A circulat- 
ing rendering plant. 
( Courtesy of Wurster 
and Sanger, Inc., Chi- 
cago.) 





for this process includes a tubular heating element 
\ith vertica,! tubes through which the ground material passes, flash cham- 
ber a circulating pump, separator, and a vacuum pump. The tube^ are 
oeated by exhaust steam, under 5 pounds pressure. The material is drat\m 

tvn? ^ centrifugal pump of the non-cloggin<r 

tjpe, and is returned at a point just above the tubes. The heater is sur- 

^ chamber in which the gases evolved are collected 

reeo^Led ^ separator where the droplets of entrained fat are 

eied, to be returned to the mam drum. Prom the separator, the 
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gases go to the sieLun wiiioii maintains a low pressure on the 

system. 

After the inaterial is completely it is dis(*liarge<l intij a 

settling tank, iroin which the clear fat is drawn off. The se<liiiitaii. 
called cracklings, is run to the filter press. 

With a heating surface of 1000 square feet, a charge of eight tons 
is rendered in two hours. Compared with the older type of jacketed 
melters using high pressure steam toO pounds) , it is found that the new 
rende-ring process equipment works four times as fast, ]>esides producing 
a paler product. 

Several other details are exhibited in Figure 170. 

Tallow. By tallow is usually meant beef tallow, whicji is renderer: 
in the same way as lanl. There is also a mutton talhnv, a shee]3 talluw. 
and utiiers. Tiieir chief use is for soap mtiking (1930 produc*ti(j!i ^ 
billion ijounds) . 

Butter. The cream in cow's milk isolated in a centrifugal sei‘)arator 
is rieli in small globules of fat, which coalesce on clitirning; the lump so 
formed, after addition of salt « in the F. S.) , is table butter; it is about 
S3 i>er cent butter fat, the rest water and salt. 


AVaxes 

Sperm Oil. Sperm oil is obtained principally from the content of a 
cavity in the head of the cachalot or sperm-whale. When the oil is cooled 
it deposits a solid wax, tiie spermaceti, used in pliarmacy and in candle 
making. The oil under the nairie of s])erm oil is valued as a lubricant 
for light, high-speed machinery; like rape oil, it has no gumming ten- 
dlency. The chief ester in speiunaceti is cetyl palmitate, Ci(iTT;.;jO . OC . 
Ct-H.ii- Cetyl aleoliol is a monoliydric alcoliol Cj<jF[:>mOI-I. S]3erm o:i 
.similarly contains alcohols combined with fatty acids different fron* 
glycerin (1935 proLUietion about 1 million pounds). 

Carnauba Wax. Carnatiba wax is found on tiie leaves of a palm 
tree in Brazil, the copcrnicia cerifera. The leaves are gathered and rubbed 
to dislodge tiie coating: it is purified by melting, decanting from the 
deposit, and cooling. It has a high melting point, 105 C.. and is used 
in the varnisii industry and in furniture and shoe polishes and in carbon 
paper coating. 

Beeswax. Beeswax is obtained from the honeycomb of the common 
bee; it is purified by wasliing and bleaching. Industrially, it is of small 
import ance.^^ 

IIydrogexatiois: 

The hydrogenation of oils with the aid of a catalyst is an established 
industry. The reaction is used mainly for the hardening of vegetable 

T.ard m.p. 36^ to 40^ C. ; tallow, 40® to 45® C. 

Some otiier vegetu-ble waxes wiiich. are of interest to t:he perfume mater will be found dis- 
cussed ill Chapter 30. 
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idlr^ edible solids; particularly, in the L'nited States, for the hydro- 
zenaiion of cottonseed oil, but it iias been extended considerably^ for 
instance to the hardening of fish oils which are then made into soaps. 

The eonirnercial procedure is to suspend finely divided nickel in the 
;iil heated to 250~ to 300^ F. (121'^ to 149^^ C.) and blow in iiydrogen ga.s. 
Nickel gauze may be used instead of the powder. Agitation of tlie oil 
:y restating arms is customary. The nickel is used in amounts of 0.5 
Ti> 1 per cent of the weight of the oil. It may be introrluced in tiie form 
^Ji its oxide, which is soon reduced to the meta.1 by tiie gas. bur the pre- 
vious reduction in a separate vessel is tlie better procedure, lor among 
?.‘iher rcPiSons the metal may be filtered out almost completely after the 
reaction, while in the cases when the oxide is used, an appreciable amount 
reznains dissolved in tlie oil. presumably in the form of a soap. Padladiurn 
is a far more effective catalyzer; 1 part in 100,000 parts of oil is suf- 
ficient, and the reaction proceeds at a lower temperature, and in less time. 
la spite of these advantages palladium is rarely used, because of its 
]:igh cost. 

The hydrogen gas must be pure,*“* and sliould be introduced at the 
same rate at which it is absorbed. 

Any glyceride which has unsaturatioii may be hydrogenated. For 
'example, glycero-triolcate, a licpiid, is thus chaiigeti to g!ycero-r ristoarate. 
a solid. The hydrogenation may be eontiniierl until all of the itnsatura- 
tion has been relieved; the result is a fat whicli melts too hiigh, for an 
cdrlhlo fat sliould melt below the body temperature. It lias become the 
practice to liydrogenate only far enough to form a fat of the desired nielr- 
ing point, rather than mix the harder product with, fresh oil. Tite prog- 
ress of the reaction is followed by samples drawn off at interva.ls. 
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When the catalyst is “supported,” the support is generally diato- 
maceous earth. Its preparation consists of adding 15 to 20 per cent of 
the earth to a nickel sulfate solution, stirring, and at the sa.me time pre- 
cipitating the nickel as oxide by a solution of sodium carbonate. The 
precipitate is washed, filtered dry, and reduced with hydrogen at as low 
a temperature as possible (300° to 400° C. or 572° to 752° F.). The 
finished catalyst should contain 20 to 25 per cent Ni. At once on leaving 
the reducing furnace, the nickel catalyst is placed under oil, to preserve 
its activity. 

The “wet” reduction, illustrated in Figure 171, which shows a com- 
Xjlete oil h^^drogenating plant, is still better, and consists of suspending 
nickel carbonate or nickel formate in the oil, heating and agitating, with 


Chapter 19. 
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^iiniikaneous entry of hydrogen. 
\4I27- to 482" T.x 


The teinperat Lire 225- to 250- C. 


TiiC catalyst is then pumped tc.) the converter, in %vhich tlie chi 
of oil has been brought to reaction temperature by a steam coil, 
reaction ternperttture depends upon the purity of tlie hydrogen and 
activity of the catalyst. It is usually 120- to 176" C. 1250" to 350 = 
riycirogen is admitted through a perforated pipe at the bottom of 


ar^e 

The 

the 

F.u 

the 



Fifa'i::-: 171. — A i.lant for the hydrogenation of oils to fats, inciutiin^i? : cata- 
lyzer rodiicfion T.:mk. earalyzer niixins: tank, converter with liQnor circu- 
lc..liori and with aerator. f^Irr-r press, cooling; coil, holding tank and ciiiil- 
i:ig roll. fCourte-y o: Wiirsn-r and Sanger, Inc., Chicago.) 

converter, so tiiat numerous fine streams are formed. The unused gas 
at tiie top of the vessel is pumped away and recirculated through the 
bottom pipe, with fresri gas, and a part of the liquid is pumped from 
tlie bottom of the converter to a spray coil at the top of the converter. 
A high speed propelier iit the base of the converter agitates the oil. The 
necessary intimate mixing nccessarx’ for rapid reaction is thus insured. 

The hydrogenating reaction is exothermic for all oils, so that after it 
is started, a part of the oil must be cooled by passing it through an outside 
cooling coil. 

After the reduction lias proceeded to the desired point (conveniently 
followed wdth a refractometer) ^ the charge is cooled somewhat, filter 
pressed, and in some cases deodorized by passing carbon dioxide into the 
melted fat, heated to 130^ C. (266“ F.) , for an hour, or by some other 
method. On cooling, it is now a soft solid, a semi-synthetic fat. The 
catalyst is mixed with oil and used over again. 

If completely hydrogenated, cottonseed oil would melt at 62"= C. 
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143' Fj ; for making the edible fat, hydrogenation is stopped when a 
niching point of 34" to 35" C. (93= to 95= Fj iias betm reached. 

A eontiniious method tor hydrogenation has been devised by Bolton 
and Luslid*' in which the catalyst consists of nickel turnings or wire 
iicld in a wire basket which nearly fills tiie hydrogenator. The vearmed 
cil enters at the top, the hydrogen gas at the bottom, with recirculation. 
Hydrogenation with the corresponding hardening take ])lace, and its 
degree may be controlled by altering the rate of oil flow; feeding slowly 
will give high hardening, feeding fast tvill give only slight hardening. 
Among other advantageous features this process offers is the one of short 
oc-riod of heating, which favors a pale color. 

Tiie total amount of vegetable hydrogenated in 1935 in tiie United 
>:ates was 748,390,732 })ounds (Bureau of the Cemsusi. 
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Plavors, 


Pei-^'ume^ a''o made iroiii cssentiai oils, tiie oaorilerous princirt.e o: 
- plants. U-sually a imuiber of oils are blended together, in 

alecd.oi solution, and a fixative is added b.i order to render more iasting 
tl't‘ odo^* wbie’ otherwise would be Iug:Ti^'e. A iieriuine ina\ tnereiori: 
be’sakl to consist of three parts: the odoriferou.s part, the fixative tiart. 
•-lid tI (. <l''luent. Xiic function oi the- uiitiemt. practically always eti.y; 
'rTcXooV' -V to reduce tla* eoiieentration of the blen.led oils to an «ido;- 
> 7 remnh similar to that of the flo%ver. The number of typical fxative- 
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E<SEXTrAL OTLR, PERFUMK><, FEAVORH. PHARMACEUTICAL.^ 

:> the number oi es.'seiitial oils, \''ery iaroe. The syntlietic siib- 

-Uiiices are usually i>iire cheinieal su'Ostanees, whereas the essential oils 
:a’e naruraJ mixtures. Some synthetics arc artificial reproductions oi 
natural substances. f>tiiers ^ive entirely new odors. 

Essential oils arc- obtained not cmly from the flower, but also from 
the leaves, roots, and seeds of plants, and frtiin tlie roots and barks of 
*rees. Table 62 gives a numljer of examples, witli the countries cjf origin. 

Ksseniial oils are ustal not only for perfumes proi>erj but also for per- 
vniiing seaips: for that puirpose they must be lower in cost. As a rule an 
t-sentail oil costing less than $5 a pound may be used for soaps. Tor 
’^ermines proper, there is no price limit, except tliat for the less-expensive 
v-er: tunes, the cheaper raw materials must be used: many of these are 
>yniiietics. Examples of synth.etics follovv’: 


neids: 

lik'ohols 

iildehydos 

f-st ers 

f.-ther 

ketone 


Sanip/cs 

Benzoie a(*icl. Phenyl acetic* aci<l (solids), 
fviiialool, Tt*i*pineoi (liquids) 

H<?riZLildehydt:. Plienyl licetie akir-liyde (Hqnitis) 
Amyl Sill icy kite. Benzyl iict-liit*- ^liquid-) 
i)i~Vjhenyl oxitit* (solid) 
lorioiKi CL uri<i (liquids) 


A^nong the syiitlietics, certain ones are made from benzene, toluene, 
piieriol. or other coal-tar products; thus benzoic acid and benzaldehyde 
from toluene, diphenyl oxide from phenol. These may be said to be 
true synthetics. Others are semi-synthetic only, for they are made from 
itaTiiral plant product; thus ionone is made from citral, which is iso- 
h'lted from lemon-grass oil. If a constituent of a natural oil is isolated, 
iw iiistillation for instance, and used as such, it is called an isolate; thus 
^eraniol is an isolate from citroneila c>ii. 

A number of essential oils are used as flavors as well as perfumes, 
fejr instance the oils of Icmion, bergamot, and orange (peeri. Vanillin, oil 
aiigcdiea, and coriander oil are used both for flavoring and for perfumes. 
Anotlier example is oil of peppermint wliicli has a further interest in 
rhat on cooling it,^ large crystals of menthol separate, much used in dental 
pastes as a flavor, and also as a pharmaceutical. Pormerly the pharma- 
ceuticals were chiefly plant extracts; now they include a large group of 
manufactured chemicals, of constantly increasing number and importance. 


Esse^sTu^l Oils 

Essential oils are obtained by volatile solvent extraction, by steam 
distillation, by expression, and by enfleurage. 

The extraction by means of volatile solvents is of wide application, 
and is the more important method for fine oils. The practice in southern 
France for oil of rose may serve as example. The rose cultivated in 
Provence is chiefly Hosa centifolia, a pink rose. The petals are placed on 
trays in copper vessels and percolated, with low-boiling petroleum ether; 


Japanese i>eppermlnt oil is ricli in menthol. 
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t.Le \VLis.^i:< ]vrtr:^ent uro us lA'eli us the oil. The soK^ent is removed 

in stills under reduced pressure so Ihai: very e:eutIo heut uiiW is recuiired. 
an*i there is left a ir^euii-soiid residue. calle<l eencrete, and containing about 
hair its weight of oil. The rose concreie is next dissolved in warm alco- 
hol. and tills solution is cooled. The waxes separate and may be removed 
by filtration. The fiitraie is placed in small copper stills, the alcohol 
renajved by distillation, and there is left the pure oil of rose, called ro:ie 
a!is<dute Xo. 1. Tiie waxes may be washed again, giving a solution called 
rose extract- Tiie amount of oil in. one rose- blossom i.s very srna.ll ; to rn'o- 
duee 1 ounce of rose absolute, some 60,000 blossoms are required. B;c 
weight the yield is about 0.1 per cent. The price is about $10 an ounce, 
and this is not too dear considering the labor involved in growing and 
I'ireparing the many blossoms reqiiired. 

The best hnown cunerer.es are rose, jasmin, tuberose, orange liov/er, 
eassie fa siL;:all yellow tknverq and rose lavender; the corresponding abso- 
lute oils are niude by aleoiiulie extraction. Concreie violette de Parme, 
furiiieriy so well known, is now extinct in perfumery. Some perunners 
prefer to buy the c«uncrete, and make tiieir own alcoluh.ic extracts uf ti.e 
same withiJUt re<.Iuri 2 .g it to the aljsi>]ute furm. 

Ti.e must eXjjeiisive oi the absolute oils is violet, whicii brings S7o 
Liii uunce if free from any titii.iitiori : ibis is almost too dear, and violet 
]>erhiiiies u 2 *e uitaie ehieiiy from iiietiiyi ionoiie, a senii-syntlietie. 

In order to obtain the oil by distillation, the blossom, herb, or chip^jed 
ro‘ vt is i>Iaeed with water in a still witli guuse-ii€‘ck, and heated by a steam 
(*t>ih ur steaiii jacket, or by live steam iniruviticed below the false bottijn'i 
ifii whiel'i the niaterial rests. Fur peppermint, which is a good example, 
tiie distillate may be cooled in a eonden.^er made of ordinary conduettir 
r)ii:>e.s such as arc- used for rain drainage on dwellings; the cooling is by 
water. The finst home-made installation has been replaced in most 
cases by nioc.Iern equipment- Two layers form, the oil being the iipiK*r 
one: the water layer is wastes!, in this ease. In the case of rose blossoms, 
however, the witter retains a certain amount of oil in solution, and is theii 
carefully preserved and sold as such, for the demand is considerable. The 
proportion of rose tvater to oil maw be reduced if desired by returning it 
to the still so that, new water need not be iiitroduced; in such cases a steam 
jacket would be the source of iieat. Bulgarian otto of rose is a distilla- 
tion product and is the ordinary otto of commerce; real French otto of 
rose is rarely seeui at the present time because the production cost is 
less in Bulgaria. The blossoms used in Bulgaria are the Rosa Damascena, 
a red rose. 

There may be a combination of odors in tlie distillation itself witli 
good results; thus geranium (the whole plant) may be distilled by itself, 
giving geranium oil; or rose petals may be added to geranium oil made 
the previous fall, and the tw'o distilled together, wdth the production of 
oil of geranium sur roses, possessing a superior odor. 

Steam distillation is suitable for the production of the oil because 
the essential oils are either insoluble^ or very slightly soluble in water. 
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TLe iiidiJs^try is seasonal^ so that ever 3 '' year the raiser of peppermint 
',r spearmint rises the still for two or three weeks; a simple installation 
:s economically correct. For many oils, the dried leaves or roots, pro- 
'luced in one place, inay be shipioed to a center for extraction, and in 
“Tjiar \Yay material provided for constant operation; in such centers very 
elabm-ate machinery may be provided. The most important of these 
is Grasse, near IXico; it is surrounded by flower-producing areas, 
and in adelition receives imported materials siicii as patchouli leaves and 
vetivert roots from India, and orris root from Italy (Florence) . The 
important products at Grasse are neroli oil from the bitter orange blossom, 
jasiiiin. verbena, narcissus, ionqtiii, orris, tuberose, cassie, and violet; these 
are not excelled by products produced elsewhere. French lavender oil is 
the main lavender oil; English lavender oil formerly was of importance, 
!>ut is now practically extinct. IXIaterial reaching the market labeled 
English lavender oil is usually a blend of French oils. Steam distillation 
is zYie eiiief method of producing oils, thus,, orange blossom, verbena, orris 
ar.«i lavender; the second metliod is extraction by volatile solvents, already 
r.resented- 

Other products of steam distillation arc oil of cloves, cinnamon oil from 
the bark (very little), coriander from the crushed seed, guaiac from the 
\vood. found in India; oil bois do rose, which has no relation to the rose 
blossom or its oil but is obtained from a laurel in Frencli Guiana; oil veti- 
vert: citronella oil from Java (best) and Ceylon; and geranium oils. 

The peel of the ora.ngc, the bergamot, a small citrus fruit on the order 
of liiC iinie, and the lemon, are pressed, both by hand and by machinery, 
in order to obtain the oil they contain: there is also a distilled oil of these 
j>eejs, of inferior value. The oils have a high content of terpenes and 
stcropton (steropton is the name given to any wax which separates from 
an oil on standing) . In order to concentrate the citrai, the characteristic 
odoriferous part in the case of lemon oil, the terpenes are removed by 
distillation in a steam-jacketed vacuum still (not by directly introduced 
stoam'i , and the residual oil is then terpcneless oil of lemon, or orange. 
Tiie distillate serves as diluent for inferior quality or synthetic oils. It 
is bceauise of the high terpene content (about two-thirds) of these oils 
That on sta.nding the odor changes. Presumably the terpenes polymerize, 
gaining in odor, until the odor of the citrai is overbalanced; the spoiled 
oil is termed rancid. Chemically pure citrai is mentioned in the next 
division. 

In enfleurage by the cold process, the flower or the separate petals 
are pressed against warm fat, a fine grade of benzoinated lard, spread 
on glass plates 1 foot wide by 2 feet long, fitted with wooden frames. 
Both sides of the glass are greased; petals are placed on the upper side 
only, and the frames piled on each other, so that the lower side touches 
the petals on the glass of the frame below. After a day the petals are 
removed by hand, or by a brush, fresh petals spread on, and this repeated 
until the lard has the maximum amount of oil it can absorb. The lard 
is then scraped into containers and preserved in cooled cellars; at this 
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stage the product is pomade, foriiierly used as sucli. Fr^om tlie poinarlo, 
the absolute oil is obtained by extraction with alcohol, io Rowed by a rli>_ 
rillation lo remove the solvent, and in orrier to distinguish such absolute 
froiii that obtained by the \'o]atile solvent uiethod, it is called “absolute 
pomadco'" thus Jasmin Absolute Pomade. This process is used less tiian 
formerly: much labor is involved, and the fat tends to Turn rancid: en«.»rts 
to substitute soft paraffin waxes have not been successful, because their 
absorption |>ower is low. A modification of enficurage is to macerate the 
rose blossoms with warm fat, filtering from the blossoms, and coolinrr; 
the resulting pomade may be extracted for the oil by alcohol. The alcohol 
is recovered. Rose and orange blossom pomades are made by the hot 
process, jasmin and tuberose pomades by the cold enfieurage process. 


SvxTiiETics, Semi-svxtiiktics, Axr> IsOLAirKS 

Benzaldehy<ie is made by cldorinating toluene, and boiling with caus- 
tic: its odor is similar to that of bitter almond oil. ZAit ro'benzene - is 
called <ril of :tiirbane, and lias a. penetrating odor: its use is chiefly for 
soap.s and for s!;oe polisli. IDimethyl hydirriquinone is a wiiite sedid, valu- 
able for synthetic narcissus perfumes. Cfinnamic aldeh>vlc lias },)een soM 
under trio name of Cassia, oil redistilled: it may indeed be isolated frrr.n 
cassia, but like the otiicr substaaices in this paragraph, it is irjadc syntheti- 
cally witii great ease ami at low cost. 

The chemical relation between a number of sxuithetics 5s shown below: 


Chlorine 


-Henzvl chloride.' 


Tfilaone 


Hrnzyl aleofiol 
Henzvl iK'Pi ate 


B eiiz aldch y de 

V 

Ciiiiiainie aldehvde 


Cinnamic 


Bcnz\ i cyaiiicli* 
Phenyl acetic adii 
Pjionyl ethyl aleohei 


Vanillin is a semi-synthetic : it is made ?l ! fruiu isc-eugeiiol which 
itself is made from eugenoL an isolate from oil of cloves or cinnamon leaf 
oil: i'2) from guaiacol iractiona.ted from the phenols in coal-tar: fS) from 
iso-saffrole, itself obtained from brown camphor oil. Vaaillin is a white 
solid, and in this form is used by the perfumer, rather than in the form 
of the extract from the vanilla bean. The odor of wanillin is delicate: 
vanillin forms part of a surprisingly large number of perfume formulas. 
Piperonal ^ is a solid aldehyde, sold under the name of heliotropin. Cou- 
marin ^ is made synthetically, although it occurs naturally, for instance 
in tonka beans; it is a white solid prepared from salicyl aldehyde; its odor 
is sharper and more penetrating than that of vanilla. The most remark- 
able of the semi-synthetics are the ionones,® two ketone isomers differing 
only in the position of a double bond (unsaturation) ; cc-ionone is about 


- Ch-apter 27. 
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s8 a pound, /i/-ionone about S6. The ionones are made by condensing 
:‘::rai v/ith aceioiie, and boilinsr witii fiiuitt* sulfuric acid. Citral is a licpaid 
, d ibrinula i CH:, ) :> • C : CH - CHo - CH - C f CHri ) : GH • CHO, and is iso- 
lated frciiii Iciiion-grass oil by forming the sodium bisulfite addition com- 
n-jund ; pure citral is S2 a pound. The two isomeric ionones are separated 
Vsv their sodium bisulfite compounds, which diner in solubility (the 
^^-fonone compound is less soluble ,» . Aipha-ionone with suitable admix- 
tures produces a true violet odor. All the substances in this paragraph 
except coumarin are semi-synthetics. 

Geraniol is an important sul^stance, an example of an isolate; it is 
frtiin palnnircjsa oil or citromdla oil. and sei-ves to imitate the 

odor. 


Fri.un leinon 


grass oil. 


a nuiiiber of t'ahiahle si^ml-syrithet ics 
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oil iornon Jirass 
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V 

V' 

V 

i y iJist i Hat ion 

5// XallSOz 

by rnethuL 


find distillat ion 

t tioil-hrf.o:* 

itral, ir'idini<*al 


Ctui'lt n.-'O' fOi 


ChM al lOUC 

X 


C. P. 

Pseudo riicthy 
ionorie 

■F 

iMcth3'l ioiioiie 


hi/ acetotLt: 

condensation 
1 eii d o-io li one.^ 


Iiioiie crude 


by rectification 
Tonone standard 

V 

loiione* 100*^ f 
a and 3 


V 

by XalLSiJ^ 

V 

I none alpha 


^ Vanillin 
osolid) 


ITO 



O 




ocria 


g>CH.. 

4 Piperonal ■ 

(solid; 


11 — 0 = 0 


® Coumarin 
(solid) 


'-C-CH 

I J — o— <^=o 


6 CHs CHj 
/CvH 

HsC c— ch=ch.co.ch:3 


HsC C 
H 


.CHa 


a-ionone 

(liquid) 


CHa CHs 

HaC C — CH = CH[.C0.CH3 


HoC C.CHa 
Hs 

/5-ionone 

(liquid) 
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A nevr uieti^oci ui urt-jjaring a nimiber of seirii-syntheties for their 
odor and davor the cracking; of ca^ftor oil, with subsequent treatment 
of the cracked disriiiated 


Castor oil 
hy cract^iug 


V 

Oenanthol 

with herizal- 
de-hjade 

Amyl cinnamic 
aldehyde 
(Jasmin odor) 


U'iUt methyl 
heptin. carbonate 

>r 

Artificial green 
(violet leaf odor) 


L'lidecylinie acid 


V 

Aidohvdi^ 


Aldehyde 
Cii saturated 
and 

C 1 1 u nsat iir at ed 


>r 

Oamma 
undecaiactoiie 
(peach odor,.; 


Phrfu me Suxuries — F ix.vri ves — R es ix O i ns 

Fnder perfume sundries any substance is included which enters imo 
a iuri.imla for a perfunie without directly coiitri’outing to its odor. The 
fixative serves primarily to render tiie odor mcire lasting; it is chosen su 
that it blends v/ell with the oil odor. Three substances have been used 
for many years past and are still the most iinpoi-tant fixatives ; tiiese are 


ariibergris, musk, and civet. 

Ambergris is a calculus in the SLoniacli of the sperm wliaie which I:as 
formed arour^fi a sjmr]) foreign substance such as the beak of the squid., 
and which is excreted and found washed aslioreq it may be also cut iruin 
tiie stomach (ji a whale caught for its oil. Ambergris is dissoK'ed in au*i.>- 
hol, and is used in tincture forin. Its odor is earthy, a.nd its fixiitive r>i.swe!* 
i-einarkably great ; it is usetl for the floral perfumes. 

Alusk is the preputial follicle of the musk deer, found in Tibet and 
in IManehuria; it has not been possible to raise the deer in captivity. 
Tiie musk pod is situated at the stomach of the deer; each pod yields 
about an ounce of musk, worth about S22. The odor of crude musk is 
disagreeable, but the alcoholic solution after aging several months is not 
unpleasant. INIusk is tlie fixative for the so-called oriental perfumes 


(heavy perfumes.) 

Civet is obtained iroiii the civet cat, in Abyssinia; crude it is also 
disagreeable; in the form of aged alcoholic solution, it is used as musk 
is. Frequently both musk and civet are used in one perfume. 

Artificial musk is a synthetic product, which has fixative value; the 
first was musk xylene : the best one at present is musk ambrette, dinitro- 
butyl-metacresol-methylether, made from cresoL Among the essential 
oils, vetivert, orris, and some others sometimes perform the function of 
fixatives. 

Odoriferous resin oils and oleo-resins are important mainly for their 
odor, only secondarily as fixatives. Oleo-resin of olibanum is made 
from a gum-resin obtained by incisions in the bark of pine growing in 


For deSELitiofiCt of cra-cking cajr.jpare the chapter on x>^troleiim. 
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the i^e\’ant \ Asia IXliiior'), tlio Bosircll/a Ccrrrei'ii. The p:iiin-resin is 
‘•xtraeted v/itli alcohol and filtered from the non-<oliibles i gums) ; the 
a'eohnl fff tiic solution is distilled and there is left a viscous mass, the 
'! ;Ie=.5-resin. with th.e odor of church iziccnse. By distilling tlie gum-resin 
i'self, oil olibaniiin is obtained. Olibanuni is the frankincense of the 
ancients. habdaniim, found on the leaves and stcan of a low plant, 
yields similarly, oil labdaniim. Liquid amber also belongs to this class of 
nxatives. 

Perfumes 

Perfumes contain from 2 per cent (weak) to 10 per cent (very strong) 

^ jdirriierous matter including fixatives; the remainrler is alcohol (ethyl), 
Tice fioral T:>erfumcs imitate single flowers, while ia.ney or bouquet per- 
fumes <lo not. As example for a simple perfume formula, of the floral 
zype. the following is given: 


TyffQ of Formula for Rotsc Pcrfuinc — Tijpr. 

C; raiiii* 


Oil of rose (Ihn nutiiriil flornl oil, the otto) 10 

Rose ijbsoiiitf* (floral oil. from tlic concretf .) 10 

ejemnioi (an isolate) 25 

Phcmylethyl-alcohoi (a. synthotie) 20 

i.>:I of ^loraniiim (an o.sscmtinl oil) 10 

Aiplia-ionone (semi-synthetic) 15 

Ko^sin of Itibdiinum (rosin oil) 5 

Tincture of musk 5 

Alcohol (^OrrA 900 


Tiiis would f)e a strong i)erfiiine t)f fine cuiality. 

Kxamples of fancy perfuiiies are Ciiyprc and Aiiibre, botii of the 
oriental type. 

Toilet W.-vters 

Toilet waters form a class of perfumes by themselves; they are made 
up with alcohol chiefly; that they are nevertheless called waters is beT*ause 
tiie French word for water is frequently used for “liquids.' ' The best- 
known toilet waiter is Eau de Cologne; the original formula required 
a distillation, as indicated in the following one, a. close approximation: 

IBcrgamot oil 10 ce. 

Lomon oil 15 cc. 

Lime oil 5 cc. 

Orris root 20 grams 

Alcohol (90%) 4SO cc. 

Water 60 cc. 

This is permitted to stand 24 hours, and is then distilled; to 480 cc. 
of the distillate there are added 


Xeroli oil bigarade 3.0 cc. 

Rosemary oil 0-5 cc. 

Lavender oil French 0.5 cc. 

Oil of thyme 0.5 cc. 


® Compare vau d& vicy meariing — wliiskev or brandy- 
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Tijc whole i.s matiirefl one iiioiitli. The odor is? refre^ihingj not verv 
Ia<ting. Eau de Cologne is now frequently iiia.de witiiout a distiliatiijn. 
h.avender \vater is a favorite in England; a simple formula is; 

huvendor oil Frc-ni-h 20 ec. 

rior^amot oil 10 cc. 

>andai\vood oil 1 ce. 

Civet extract 5 ce. 

Orris resin 4 srams 

Alcohoi <90fr> ta inak*: 1000 ce. 

Florida v/ater, an American toilet water, contains orange-flower water 
and cmnainic aldehyde, which give it its distinctive note. 


F I.AVOHS 


Flavors are iiseti for cooking, for candy, chewing gums, beverages, 
s^v^rups, dental pastes, and medicines. Oil of lemon, of orange, and re' 
lime have been described; they are obtained by expression, and may be 
freed from tiie terpenes. Peppermint is made into creme de meiithe 
iTtaly). Vanilla, extra.ct is perhaps the best-known flavor, and used for 
numerous purpose.-^. Jz is made from the vanilla, bean, a.fter it has been 
cured in order to develop the vanillin content, by extraction witli alcohol. 
The American practice is as follows: 50 pounds of IMexican vanilla 
beans a.nd 50 pounds of Reunion beans are chipped fine in an automatic 
cutter, and placed in a '*batteuse,*’ a cylindrical extractor of steel, fiticii 
with a stirrer. Fifty per cent alcohol is added, in the cold, and siirrc**: 
for an hour; the extract is run off, and three further extractions inad<' 
in the same way. The extracted mass is pressed in a wine press and 
discarded. Ail four extracts are combined to give the finished material. 
The amount of 50 per cent alcohol is such tha.t the beans form 10 per 
cent by weight of the solvent taken. The extract is colored brown by 
some of the resin which is dissolved,^ 

The use of syntiietics as flavoring agents is on the increase, as will 
be seen from the following short list. INIethyl anthranilate gives the 
odor of grapes ; ethyl butyrate is basically the odor of rum ; safirolc. from 
brown camphor oil, is an artificial sassafras, and is used in root beers, 
candies, and “herb tonics.'" Cinnamic aldehyde replaces eixmamon oil, 
methyl salicylate oil of wintergreeii. Frequently used also is benzalde- 
hyde F.F.C. « free from chlorine J as “oil of bitter almond, artificial.’’ 

Diacetyl CHa-CO.CO.CH.-i, a yellow, somewhat viscous liquid, and 
diacetyl carbinol, a white, thin lic(uid, are the chief odoriferous fiavc^r of 
butter made from sour cream, and are produced by the action of a micro- 
organism. These ttvo substances are now prepared on the large scale, by 
the action of the same organisms, in special cultures, and are available for 
fiavoring, in cases not prohibited by the pure food laws. 

® nhe fresh 'V'anilla bean is green ; in size it ma:,' be as long as 10 inches ; the dried 
is brown. V'anilla bea.ns are shipped tied in Diondles of about 30 beans selected of one size. 
The beans from Reunion, and others, often have a bloom of vanillin on their surface. 
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Odoriferous substances are being used more and more in tiie general 
indusirie^s and manufacturing, sometimes to render goods more attrac- 
tive, more often in order to cover or mask a disagreeable odor inherent 
::i tiiC goods. Examples are: Leather gloves, shoes and handbags, 

-tcckings, cotton pads, stationery, wall board (to imitate cedar), lacquer, 
varn 2 sh€-*s and leather do]>es, inks, cameras, knit goods, sweaters, and 
tickings, tobacco, rubber, lubricating oils and greases, kerosene fly and 
rnotii sprays, disinfectants including T:>ara-dichlorobenzene, undertakers' 
-rH?ciiiIties, formaldehyde, shoe and metal polislies. flour sweeping c^mi- 
noiinds. Perfumes are often used in ventilating fans, thca.ter sprays and 
incense. Depending upon the use, the price of the x:)erfume material 
::sed will vary from a few cents a pound to SI a |>ound. 


P 1 1 AR M AC K t; T I C AUS 

Any substance used for therapeutic* purposes may be (‘hissed as a 
pharmaceutical, so that the list is long. Fcjrmerly, pharmaceuticals were 
chiefly extracted from crude drugs of vegetable origin, and to a lesser 
extent, materials of animal origin (cod-liver oili. To-day the natural 
pliarmaceuticals arc supplemented by synthetic products, examples of 
whieli are given below; at the same time, new successes in materials cu* 
vegetable or animal origin arc of late date, thus insulin, from the pan- 
creas of the steer, for diabetic patients. Of the strictly synthictic products, 
arsplienaiiiine (salvarsan), the specific for syphilis, is of first importance; 
it.'r modern form is neosaivarsan,^‘^ stabler in air. Quinine sulfate from 
tlie bark of the cinchona tree, Peru and Bolivia, is an antipyretic; it is 
supplemented by the synthetics acetanilide, used for headache powders 
dbromo-seltzer) , and acctylsalicylic acid (aspirin). The narcotic mor- 
phine sulfate, the local anesthetic cocaine hydrochloride, the mydriatic 
5 pupil-dilating) atropine sulfate are natural products. Cocaine is now 
supplemented by synthetic substances, such as procaine hydrochloride 
movocaine) , and several other like products, used in dental surgery. The 
laxatives are still essentially of vegetable origin, thus the ca.scara sagrada 
ba.rk extract and castor oil; of the synthetic laxatives, phenolphthalein is 

9a NHs.HCl 

1 

HO<:^ ^ • As : As - you «avarsan 


XH - CH. - SOONa 
i 

HO<^ ^ - As : As - ^OII 

1 

NH2 


neosalvarsan 
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ticieces.sfully ]src-':^cri.bed. Epsom salt is described in Cliapter 12. The 
important anestiietic liquifis. ciiloroiorin and ether, wiiicii have revolution- 
ize^i sii3'gery, rol)bing o}>erations of tlieir terrors, and removing the resist- 
ance of tiic conscious patient, are synthetics of coinpara.tivcly simple nianu- 
fa.c::ure. As they are both made from ethyl alcohol tiiey might be called 
senii-syntheties since alcohol is a icrineiitation product ; alcohol mav be 
made from acetylene, when it would be strictly synthetic. The hypnrjtie 
para.Idehyde is polymerized acetaldehyde, from tlie distillation of wood: 
hence it may be called a semi-synthetic. Veronal, a sleeping powder, 
and saccharin, a sweet non-sugar, are true synthetics. PlienoL formalde- 
hyde, iiydrogen peroxide, and iodoform are de^scribed in otiier cha.nters, 
radiiiiri in Chapter 50. 

Ether is ina?.le mainly by the dehydration of ethyl alcohol by sulfuric 
acid; the ])r(.u'*ess is continuous. The sulfuric acid mixed v/itli a. certain 
amount of alcoln.)! is brougiit to the temperature of 140^ C. in a lead- 
lined steel boiler by means of steam in a closed lead coil; alcohol is 
vaporized in a ser>araie vessel a.nd the vapor sent through the acid- 
alccihol mixture in the stiiL’^ There passes out a mixture of etiier. 
alcola.ri, and wa:er, in va]>or form, and these are separated in a c<biu!nr, 
still. The water r>asses out at the bottom. Alcohol, conta-ining smn.e 
etlHU' iiiui some water io pQV centl, is removed in vapor form lialf-way uy> 
the <^3h..unn, is condensed an<l used over agadn in the vaporizer. At tiio 
top of the rectifier, etlier vapors 2 '>ass out a.nd a.re condensed in a separate 
co!'idenser; siicli other contains a sma.ll amount of water and alcolioh 
rSuiiur co:n]>ounds are removed previously, by x^assing the inixerl vape^rs 
irorn the still t}:roiigli a dilute caustic solution. The efficiency of the 
process is idgh, about 94 per cent. The reactions are: 


CeH,OH -f il^SO^ == CTI,- . HSO4 -b HoO 
etkyl-siufuric acid 


CbH,OH - 


. HSO4 = CzHr . . O . C::IT . 

ether 


H._>S04 


The sulfuric acid is regenerated; instead of sulfuric acid, benzene-sulfonic 
acid has been proposed. A teinx^jerature of 128^ C. is preferred in a 
British plant.*^ 

Ether is lighter than %vater and forms an upper layer; it boils at 
34.5"^ C. (94^^ E.) , while chloroform boils at 61^ C. Ether is widely used 
as an anesthetic and as a solvent. Of the medicinal grade, 7.97 million 
pounds were made in 1935 (E. S.) , valued at 18 cents a pound. 

Chloroform is more rapid in its anesthetic action than ether; it is 
more depressing to the heart action. Both are being supplemented more 
and more by nitrous oxide mixed with oxygen, even in major operations. 
The anesthesia is begun with ether, for instance, and then continued with 

ro Qj. an intermediate toTver with oixartz packing msij,- ’i:»e used in whicli the regeneratcfd ncid 
mixes with the alcohol, and the snixtur© overflows in the still proper ; IJ. S. Patent 1,32S,25S. 

^ ‘''Organic medicinal chemicals,,'” Barrow cliff and Oarr. iCew Vork, D. Van. >fostrand Co., 19^, 

p- 128. 
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2 ::trcus oxide a 2 :»plied at intervals as may be necessary to keejD the 
patient unconscious. 

Cocaine hydrochloride is extracted from coca leaves, of the ery- 
turoxylon coca, and related plants, found in Cej^lon, Java, Feru, and 
B.jlivia; tlie content of cocaine base in the leaves varies from 0.7 to 2 
:.tr cent. Phe extraction is chiefly by a mixture of ac}ueous soda ash 
and petroleum ether, used varm and constantly agitated in a vessel with 
stirrer. Tne alxaloid as the base dissolves in the ether, and is nre- 
eipitated by hydrochloric acid, as the crude hydrochloride; this is* fil- 
lerc-sl. ctriea, and sent to the refiners in the consuming countries. 

-Vcetyi-salicync acid, soln in part under the name of aspirin, is made 
ny thssoiving salicylic acid in glacial acetic acid, in an earthentvare- 
iined vessel, and adding an excess of acetyl chloride. The vessel or still 
is jacketed and the contents are heated until the reaction starts, when 
t-ie steam may be turned off, for the reaction is exothermic. Hvrirogen 
cidoritle iiasses out through a worm which condenses trie acetyl ehloiddc 
rarriea out, and then reaches a small tower where it is absorbed in water. 
.\.T the end of the action, steam is sent through the jacket and tlie remain- 
ing acetyl chloride distilled. The crude acetyl-salicylic acid is left in 
the still and is purified by solution in alcohol and precipitation by water. 

In 1934, 3,884,419 {lounds of medicinal salicylic acid and salicylates 
;vere produced, with an average value of 56 cents a pound. 

Procaine is made from para-aminobenzoic acid, by forming the 
di-ethylamino-etliyl ester; tlie resulting base is insoluble in water, bur 
its hydrochkiride is freely soluble. It is used chiefly in the latter form. 
The successful introduction of procaine iiyilrochloride a.s a local anes- 
thetic replacing cocaine and partly sold under the name of novocaine. 
has led to the prer)aration of a large number of similar esters, and also of 
substances with different structures. Tike all materials used in phar- 
macies, a iirescribed standard of purity must be reached. 

Total medicinals of coal tar origin produced in 1935 were 10,022,667 
|)ouncis, of which 8,949,/ 4/ pounds were sold at an average price of 94 
cents a pound ; the sales of medicinals of non-coal tar origin were 568,839 
ptiunds, with an average value of S2.36 a pound. (Lh S. Tariif C oinmission 
Report 115 ) . 

He ADI NJTG !REFERE>rCE3 

“Keceiif progress in the field of synthetic perfumes/' Af. T. Bogert. J. Chem. JSd., 

Sj 1311 i,1931). " * 

“Cheinistry and the flavoring industry,” Bernard Bl. Smith, p. 1307; "‘Relation 
citrus products industry,” C. P. Wilson, p. 1302; “Chemistrv 
and the cocoa^and chocolate industry,’" Frank C. Gephart, p. 1295; Tnd. Eng, Cherri 
nn chemistry- and the food industries,” in the same volume" 

' Perfumes, cosmetics and soaps.” W. A. Poucher, London and iSTew York D 
Van Aostrand Co., Vol. I, 1930, VoL II, 1932. 

^Chapter 27 . 


Cliicago, III. 



ixijrsrniAL ciiEMixTit y 


liL.cdieiriLiI cbeniicruls/' Barrovreiin and Cana London and Xew Vork, 
D. Xo-rrand Co., 1920. 

“Inrur-nc'-' o: time of liarvc-.-t.. drying anti ireezing oi ^spearmint upon the yield 
and odorous const it ueni-s of ilie oi],“ Frank Rabak, Jyid, Eng. Chcm ., lO, 275 (191S.?. 
"The essential oils.” Uoriice Finiiemore, London, Ernest Berm, Ltd., 1926. 

volatile oils," F.. Oildermeisi er. tmnslated from the German by Ed%vard 
Kremers, Xc-^v Vork. John Wiley and Son, 1913 (a new German, edition appeared 

in 192S. 1929, 1931). , . . , ^ ^ 

"*Ob 5 er\'ation.s upon the foreign oil industries o: loreigii lands," C. A. Browne. 
J. Chcm. Educ., 11, 131 <1934). ^ ^ ^ . 

■'Bcdtrllge ztir Svn.tlic*sc- dr*."^ d,i— rnu.'^cons,' i-. li-UZicKa iinti Ai , Jsttoll, iit'- lz'. C 
Arfa. 17, isos (1934). 



That the prt paration of protective coatings for steel and liimher is 
■ :/ iiiiportant industrial actiiaity is apparent %chen it is considered that 
'ri infeidor and exteador of huildings, railira.y and niotor cars^ the bottom 
-V ll the su pcrstructiii'e of ships^ and the cables^ girders, and arches 
bridges arc so treated. The chemist-technologist has invaded this 
Id and made important co7it rib ut ions in the form of improve rncnts and 
■z’srorc rics. 


Chapter 31 

Pigments, Paints, Varnishes, Lacquers, 

Printing Ink 

The pigment industry is usually thought of as associated with paints, 
blit it is really a separa.te industry, which should be considered by itself, 
:b>r although a considerable tonnage is mined or manufactured for use 
in paints, another part about as great is consumed in making rubber 
iroods, linoletuiis, oil cloth and artificial leather, plastics, ceraitiics, and 
odher articles. 

<>f the white pigments, wisite lca<i and zinc oxide are about eniiai in 
in:p£ jrtance ; they arc manufactured in greater quantities than any other 
piaineiits; the yearly production in the United States for the two is over 
iSo.OOO tons. Among the white xiigments, iithojione ranks first witli 
3 60.000 tons, with blanc fixe next and Titanox trailing. Of manufactured 
I'xsd pigments rouge, an iron oxide, is the most important; brown and red 
ociires and sienna are natural iron oxides. Red lead is used in consider- 
arde quantities. Tamp black and carbon black are the important black 
pigments with graphite a poor third. Ultra.marine (blue), cinnabar 
’reap, lead chromate ryellow), chrome oxide (green) and many others 
-are used for color to a great extent, metallic salts of organic dyes to a 
lessor extent. For ceramics metallic oxides are in demand. Other uses 
Mf pigments arc discussed in the appropriate places; the role of pigments 
111 paints, enamels, lacquers, and printing inks will be discussed in this 
cliapter. 


White Teat> 

\Miito lead is a basic carbonate of lead, that is, a car]:)onate combined 
with the hyriroxide; its formula is 2 PbC 03 .Pb (OiEI) o but the variations 
are considerable; it is better to remember it merely as a basic carbonate. 
It is made, in one process, by corroding lead in the form of cast buckles 
li»y the vapors of acetic acid and water, in the presence of carbon dioxide 
emanating from fermenting tan-bark; lead acetate forms first, and this 
is transformed by the carbon dioxide and moisture partly into carbonate, 
and partly into hydroxide. The buckles are placed in small earthenware 
crocks 8 inches in diameter and 10 inches high, in which a pint of 28 per 
cent acetic acid has been poured; the buckles lie over the acid, resting 
on a small shoulder in the inner wall of the crock. A layer of these 
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erocKs 


placed u 


a 


Thick bed of spent tan-bark, then covered by boarfis. 


over which more tan-bark is shoveled, and anotiicr tier of crocics is set 
in that. This is repe^ated till 10 or more tiers are made ready. Some 
ventilation to tlie center is provided by a stack-like opening^ in the 
middle. The room is then closed. Fermentation proceeds and tiie tein- 
r^cTaixive. rises perha.ps to 70“ C.; the pots remain tindisturbed for three 
montlis. After that time they are unpacked, and the buckles, now white, 
lifted out, crusliGd free from any uncorroded center, and ground dry r>i* 
wet. Tl'iis is tlie Dutchi process. It requires niucli ha.nd labor, and :s 
slow; but the quality of its product (covering power i is held to iustifv 
its continuance. Extremely pure lead is required for this process, other- 
wise^ tlie corrosi<;n does not procec-d far enoiigii. 


an occasi 
leari is 
be in 


Oii 


A v>rocess wliicii needs no tan l>ark and thus avoids 
contamination, is trie Carter rirocess,- in which melted 
atomized l>y superlicated steam very niucli as oil would 
burner j then placed in wooden cylinders lying on their sides and rnraieii 
slowly. At intervals dilute acetic acid and carbon di()xiflo from a coke 
fire are fed in witii some air; a” 
lieconie white lead. 


fter 15 days, tlic lead is eorrodiCti, and 


In the French ]')rocess, iittle time is reriuirc^i; litharge » Pb( ) ‘> is dis- 
stfLvtMt as a basic leadi acetate in acetic acid, and carbon dioxicle « fire- 
gases ) pumped intf) the soluiioii: tlie basic (‘arbonate preci]>it ates and i- 
flitcre^l off. The lead salts remaining in solution are not lost, for tl:e 
filtrate is used in making ready with the next batch. 

In the Rowley ]>roccss no acetic acid is used; the atomized lead ::: 
susi>ension in water is exposed to warm air, when the liydroxide f(irins: 
cartion dioxide is piimr)etl in for a certain peu-iod and white load of goo*! 


covering power lorms. 

AYhem grinding dry. dust loriris. 


and this 


a source of danger because 


wiiite lead is poisonous ; for zhat reason the grinding is usually done 
wet- Tlie suspended solid is thickened by settling, giving "^pulp lead": 
rliis need not be dried, if the pigment is intended for paint, so that an 
oil paste would be suita.ble. Ry mixing the pulp veith linseed oil, the 
latter displaces the water wliicli rises to form an upper layer, readily 
run off; the custom is to make a paste coRta.ining 92 per cent wiiite lead 
and S per cent raw linseed oil. If the dry pigment is required, grinding 
dry, for the IDutch process at least, is the easiest way. 

Sublimed White Lead (Sulfate). In any process for wiiite lead, 
the metal or the oxide, both requiring a preliminary operation, are 
employed; if the ore itself could be made into a pigment, that step would 
be eliminated resulting certainly in the cheapening of the product. This 
has not succeeded for white lead itself, but a pigment close to it has 
been made. Galena, natural lead sulfide (PbS) , is roasted over a carbon 
fire. The coke is brought to incandescence and the powdered sulfide 
ore is throwm in at the top, at the same time admitting enough air for 
oxidation to the sulfate. The reaction is energetic. The product is 


- ‘‘The Carter process of white lead manufacture/’ J. S. Staudt, Znd. JSnff, Ohe^m., 1 , 75S 
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; nfi by the hre wliicli are cooled and filtered ( bag:=i t ; it is 

li ud sulfate tPbS 04 75 per ceiit.i and oxide i PbO 20 per cent i with some 
zha- oxide \ \LnO 5 per cent i , orioinatinq: from the zinc ore t^^phaleritc.) 
v,-h:ch {.jcciirs in the gakmas used. Tiie sulfate and oxide are present in a 
e-rialdned form; the pigment, which lias been named sublimed white 
ieicL is nonpoisonous, and is not decolorized by hydrogen sulfide: in these 
" vvo respects it is superior to white lead.- 

A process for making ‘"'super-sublimed white lead’" lias been perfeededr'^ 
IXhdien lead is atomized by air under 40 pounds pressui'e,. and natural gas 
ziidt-r pressure of 15 pounds forced in at the outlet from tlie atomizer (see 
Fiz:. 1721 ; a white flame forms, directed in a furnace. Sulfur dioxide is 



fed into the flame in the proper volume to x)roduce a basic sulfate of the 
composition Pb 0 . 2 PbS 04 . The dust passes through a cyclone dust box. 
Cijoling goosenecks, and is collected in a ba.g filter. The brightness of this 
rdgirieiit sur])asses tliat of practically any other white ]:)igment, while 
its vdiitencss is superior to that of any lead i^igment and com]:)ares 
lavoraljly with that of zinc oxide by the Ph*encli process. 

Zixc OXIIDE 

Zinc oxide is made in several ways. The original one, still in use, 
is the French or indirect process, in which zinc metal (spelter) is heated 
in stoneware retorts, the metal vaporized and burned in a combustion 
chamber placed at the mouth of the retort. An exhauster draws the 
wiiite dust to an air chamber first, where the heavier, less desirable par- 
ticles are deposited, then to a filter chamber, where the fine dust is 
collected. 

In order to obtain the whitest pigment a very pure spelter must be 
used; if it contains lead for instance, a frequent impurity in zinc, the 
lead burns to litharge and gives a yellowish tinge, a serious fault. To 

-Jolm A. Schaeffer, Sc-ientific A.mericcLn Supplement, N'ov., 1912, p. 276. 

' J. H. Can>eck, Trans. Am. Inst. Chem. Eng., 14, II, 13 C1924). 
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rentier the learl harnik-rrs. thei'e hai= hecii deveinpeti a modified iiiriirecr 
nieti.aj<l. in Vv'hi<;h the Ijuriiin^ irf done in air mixed Vv’ith carbon dioxide; 
the lead is t-hanged ?o white lead and xinis tiie yellow tinge is avoitied. 
TIjc zinc oxide is iinafid-cted. This modification has been extremely stic- 
cessiul anti has made possible the lise of speltei's containing ap]:>2x^ciable 
fl'oantities oi lead. 

Ariutlic'r modification is to nse a retort open at both enrls, arid le, 
send in at one end carbon monoxific tvhich passes over the iicaced metal 
and assists in its vav)orization. The two btirii together as they issue iroui 
rhe other end of the retort into a combustion chamber; tiie resulting fianit^ 
is Lin intense yellow-white. A simple sketch (Fig. 173) shows the dispositirai 



FiocHr* 173. — Hi 'tort for VLiv^or- 
iziiig ziia* in a st rc-iim of 
e:irbon inonoxido ; tho iwi, 
itvti burnc'd in Iht- 

ccmbiistion chumbi-r .4, to 
iiiiinuiaeture zinc oxide. 


ill the apparatus. An exhauster pulls the fumes through a cooling chaniber 
ami lorces them through bag filters. 

A tiirect process, that is, one ])rodueing the oxide directly from the ore, 
wti- developed icr iMr. ^Veatherili about 75 ye-ars ago for the lXe%v Jersey 
Zinc Counrjany. In the \\''eathe*rili furnace, designed fo± this purpose, 
iranklinite, an oxide of zinc containing also iron and manganese (Zn 2S 
])er cent I , mixed witii coal is burned on a grate; the natural oxide is first 
vediiced and then re-formed by the* air and carbon dioxide from the fire. 
Provision is made to admit more air over the fire if there should rise 
unbiirned zinc vapors. The grate is a casting with tapering holes, not bars. 
The residue on the hearth is made into spiegeleisen, a manganese-iron 
containing also carbon. 

It is feasible to use a low-grade carbonate ore (smithsonite) for the 
direct production of zinc oxide. In such a plant at Leadville, Colorado, 
2000 pounds of ore are well mixed with 1100 pounds of coal and wetted 
to have 20 per cent moisture; this batch is shoveled onto the grate of 
a W^eatherill furnace on which a coal fire is burning. Air is forced into 
the closed ash-pit; the temperature is lOOO^ C. ; the burning requires 6 
hours. The gases which pass out with the dust are cooled in a L^-sliaped 
4- foot-diameter 600 feet long. At the end of the trip, the gases are 
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141) an exhausier i:eiids thenn into cottou filter bags 20 feet liigli by 

2 li-er wii.h-, wi^iicli retain the dust, while the gases and water wapor 


bitiLopone. Lithopoiie is lornied when a solution of zinc sulfate is mixed 
:.v::h ;.;ne of baiium sulfide; barium sulfate and zinc sulfide are formed; 
:hr.-y are ijoih vrhite. ZriS 04 -f- RaS = B£tS 04 -h ZnS. This precipitate is 
;-CT -uitable for a pigment, however, until it lias been dried, heated to a 
oigh temperature in a muffle furnace, and plunged when still hot into cold 
water. Idthoi^oiie is 28 per cent zinc sulfide and 72 per cent barium 
-tilfate, witli slight \'ariations; it has fair covering t>ower, is brilliant 
■XI Ate, and is cheap. It is extensively used in interior wall coatings. 

Blanc fixe is precipitated barium sulfate. The original barium 
r.ineral mtiy be the witherite, a carbonate, or tlie barite, tlie sulfate; if 
the hitter, it is reduccrd by carbonaceous materials in a furnace, giving the 


e. liie sulfide is disscjlved in water, the solution filtered, 
for t^xample, sulfuric acid, precipitating the sulfate; thi 


and treated 
s is washed 


Ci -■ 


.u (irit-d. Blanc fixe is also a by-product in one cf the hydrogen lieroxide 
“oeesses ^Chapter 18). 

Tlie capacity and ilie covering ])ower of blanc fixe are not iiigh : it is 
ize^i ciiiefiy because it is the most iDermanent wlute of tiie white pig- 
enis. It- is used also as a filler in rubber goods, linoleum, etc., and as 
: indicator in X-ray trcaitment. 

Antimony oxide Sb^Oa is anotlier white pigment now available on the 
mmercial scale; it is used in conjunction witli titanium oxide, because 
reduces the clialkiness of the latter pigment. 


Titanium Oxide and Titanox. A newcomer in the field of white pig- 
ments is titanium oxide i TiO^j , which is very opaque and hence has a 
considerable hiding power. In addition to the oxide, a composite pigment 
Is made which has met with much success; it consists of titanium oxide 
precipitaied on calcium sulfate or barium sulfate and is called Tixanox. 
Oi the latter especially, thousands of tons a 3 ^ear are notv marketed; this is 
but a smah percentage of the white lead and zinc oxide tonnage. 

The chief ores are rutile (titanium dioxide, Ti02'J and ilmenite, the 
dcrable oxide of iron and titanium; they occur in many localities, but 
enW certain deposits are w^orked, among which are the sands in Florida 
and a deposit in Quebec. There are two ways to extract the ores in 
i^rder to form the pure titanium dioxide: The ore may be heated in a 
reverbcu’atory furnace with sodium sulfate and coal, the resulting melt 
lixiviated, and the solution boiled with dilute sulfuric acid ; or the con- 
( entrated ore may be treated directly with sulfuric acid, decanting from 
undissolved matter, diluting, and boiling the dilute acid solution; the 
Titanium dioxide precipitates. 

In order to prepare the composite pigment with calcium sulfate, the 
procedure is as follows The concentrate is digested at lOO'^ to 150° C. 
with 2-5 parts of 95 per cent sulfuric acid, and then transferred to a lead- 


^ Mrf. CZ/fr/i. Ent/., 13, 631 TlQlS;). 
" l~. S. Piitent 1455,462. 
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lined vessel. On adding 3 volumes of water, the titanium sulfate dis- 
solves. The exact equivalent amount of calcium chloride in solution is 
added, and calcium sulfate precipitates, suspended in the titanium solu- 
tion. Digesting 5 hours at lOO"^ G. causes the titanium to separate out 
gradually, coating the suspended sulfate, according to the reaction 


TiCSOdi.* -t 2CiiCh -h 2H.O = TiO.> -h 2CaSO. 4- 4IiCl. 

Tlie precipitate is filtered, dried, and calcined : its content of titanium 
dioxide fluctuates from 20 to 25 x^er cent, of calcium sulfate from SO to 
75 per cent. The composite pigment with barium sulfate base is made 
in a similar way ; to the solution of titanium sulfate, barium chloride or 
sulfide in solution is added; barium sulfate precipitates at once, and on 
that solid, during the two hours' subsequent boiling, the titanium oxide 
is deposited.^ 

-Red Tead- Red lead is made from litharge, and litharge may be pre- 
])ared in several ways. The oldest inethod, still jDracticed, is to heat leaii 
metal in a low-arched reverberatory furnace with the usual bridge wall 
ilividing the fireplace from the hearth. The atmosi>liere is kept oxidizing 
by allowing much air to enter; tiie temperature is just above the melting 
point of lead oxide, PbO. As the oxide forms, it floats on the surface 
and is x>ushed to one side by iron hoes. When enough oxide has collected, 
it is drawn off by means of the hoes, cooled, ground, and levigated. The 
coloi* is buff. A continuous furnace has been successful, in which air jets 
impinges on the surface of the lead so as to sweej^ the molten oxide to 
tlie front end of the oval furnace; fresh lead is added in a stream so 
regulate^d that the amount of lead in the furnace remains the same. The 
molten oxide overflows into a conical receiver; its content wlien cold 
is broken \ip, ground, and air-iioated to remove un oxidized lead particles. 

Litharge is also made as a by-product in the manufacture of sodium 
nitrite. Sodium nitrate is melted in a large iron pot, kept at 340~ C. 
Lead in thin plates is added. After they have disax^peared, the heat is 
maintained 20 minutes ; the brown mass formed is then cooled and extracted 
with water, and sodium nitrite crystallized from the decanted solution. 
The residue is litharge; it is washed, and used for red lead or as it is. 

Red lead is made by calcining litharge in a muffle furnace into the 
muffle of which a current of air is admitted. The temperature must be 
maintained within narrow limits, near 340° C. The period is usually 
48 hours.® 

Rouge, FeoOs, is made on the large scale by roasting ferrous sulfate 
crystals, PeS 047 H 20 , from the pickling vats for steel; Tvater and sulfur 
oxides are driven off and led through a tall stack to the atmosphere. 
The familiar red of barns and factory buildings is due to rouge. The 
shade can be varied considerably by altering the intensity of firing. It 
is very cheap. Its use for polishing glass is based on its freedom from grit. 


« U. S. Patent 1,236,655. 

Chapter 4- 

s “Xhe lead, and zinc pigments,*' C. ID. Hollejv', New York, John & Sons,. Inc., 1919- 



31. PIGMEXTS, PAIXTS, VAPiXISHES. LACQUERS, PRIXTIXG IX K 545 


Uitramarine is a blue; it is a double silicate of aluminum and sodium 
etautaining suiiur. Chrome yellow is lead chromate: Prussian blue is the 
iron salt oi lerrocyanide ; the two mixed give a good green, but chrome 
green is usually made by co-precipitating chrome yellow and Prussian blue. 
AntiiTiOny sulfide is yellow; manganese oxide a brown roistrej : basic 
cv?nper acetate is green. Red lead is made by heating litharge as stated 
in the previous division; white lead carefully roasted gives a red-orange. 
ijc*hres are impure iron oxides, brown to red: tliey are niairiiy natural 
lucts, but artificial ochres are invading the field, a.nd are finding favor 
iiecause tliey are more unirorm and no more expensive. Artificial cinnabar, 
made from mercury and sulfur, is a brillia-nt red. There are maiw other 
inorganic pigments, and they are mixed in every conceivable way. Organic 
dyes in the form of their insoluble salts with calcium and barium are used 
more and more^ alone in some cases, admixed witli the usual pigirient to 
iieighten the siiade in other cases. They are chiefly mono-azo dyes.'* 

Carbon Black. '‘Carbon black, an extremely finely divided fcriii o: 
carbon (0.025 to 0.05 micron) , is made by the impingement of the flame of 
natural gas upon moving metallic surfaces. It should be sharply dis- 
tinguislicd from another important black pigment, lamp black, iilso a 
carbon x'>igment, but consisting of the free soot or smoke collected in 
chambers from burning hydrocarbon oils or hydrocarbon gases. Trie 
amount of air is limited, so that complete combustion such as would be 
insisted on under a boiler cannot take place. 

'*hamp black is the older pigment; it has been made for thousands of 
years by the Chinese, Egyptians, and other ancient races for tiie manu- 
facture of ink. Carbon black is a modern pigment. 

“Carbon black is finer than lampblack, stronger in tinctorial power, 
blacker in color. In addition to displacing lamp black for inks, paints, 
and lacquers, carbon black has recently been found to improve enor- 
mously the durability of rubber goods: this explains why the rubber 
industry now takes over three-ciuarters of the carbon black production. 
In 1931, the amount produced was 265,000,000 pounds, the greater part 
in the Panhandle district, Texas. The production was t Bureau of tlie 
Census) : 

1935 !Pric4? per 

Pounds poT^rid 


Carbon black 352,749.000 4 cents 

Bone black 31,847,653 3.06 

Lamp black 3,581,429 9.3 


"By suitable changes in the supply of secondary air, the size and 
change of tips, distance from, and speed of collecting surfaces, wide 
variations in color and in other properties of carbon black can be achieved, 
"Recently new valuable properties of carbon black have been dis- 
covered, namely that it improves the insulating properties of rubber 
insulation and also the dielectric properties of insulating (transformer) 
oils. Carbon black is probably the most finely divided colloid available 


Chapter 2S- 
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in Liiiiimited quantities and at \’ery low cost: lor this reason there i< 
every likelihood that it will find many new applications in the arts. It. 
is a new material in the world's histcrry and as such constitutes nrac- 
lically virg'in territory for research/'' 

Lamp black is made from crude oil or fuel oil, by burning it %vit!. 
an insiifiicient amount of air and collecting tiic soot. Oas black is inadie 
similarly from natural gas; it has a deeper black, recalling velvet, and 
is more expensive. The white pigments have been discussed in detail; 
grays are made by aalding a small a.mount of black with some green or 
brown to the white pigment. 

Paixts 


A paint consists of a pigment, a vehicle, and a drier; it is applied to 
inside or outside surfaces, and in a day or so ha.rdens to an unbroken 
film tvhich prevents contact with rain, smoke, direct sunlight, and loss 
of moisture to the adniosphere : it is a preservative coating. On steel it 
prevents tlie rapid deterioration and destruction called rusting. 

The vehicle is usually linseed oil, and this may contain the drier-; 
such a. i)repared linseed oil is “boiled oil": or, raw lin.seed oil ma.y be 
used and the drie^rs added when mixing." ~ Driers arc usually the oxi<le.-. 
resinates, oleates or acetates of cobalt, manganese, load, and cjccasionaliy 
zinc; they form c*oinpounds witii tlie oil and accelerate the oxidation oi 
tiie oil by the atmospliere. The oil itself does not actually dry; it Iiardeiis 
by elicmical change, oxidation, accompanied, especially in the case of 


tung oil, witii pol\'inerization. 

Tiiere are several requirements for a good pigment. It must be op-arjue. 
so that its hiding power may be high; the greater the hiding power, the 
less paint is required per square foot of surface. It must mix well with 
the oil. It must be inert to gas impurities in the atmospliere; inertness 
insures fi^ec^dom from disintegrarion. Among other desii’able proj:>err2es it 
should iisjtr darken when exposed to hydrogen sulfide ; preferably it siiouM 
r>e non-pc usonous. Finally its cost will determine the clioice in many 
ceases. 


The pigments used for protection, hence for covering, primarily, are 
white lead, zinc oxide, lithor^oiic. blanc fixe, Titanox, and rouge; to these, 
coloring substances are added in small quantities. 

Paints are frequently mixed by liand with oil just before using; pre- 
pared T-^aints are mixed by machinery; an example will be found under 
enamels. 


A AR>tISIiES .\XD ExaMELS 


The materials for varnish making are certain vegetable oils, a resin, 
a small amount of drier, and a thinner. From the standpoint of the 
varnish maker, vegetable oils fall in three groups: the drying oils, the 
semi-drying oils, and the non-drying oils. Linseed oil is a dr^^ing oil; 

^ on private eommiinication from Dr. W. B. Wiegand, Binney and Smith Cornpanj-, 
X. V., October, 1932. 

Bsw linseed, oil and boiled oil are discussed, in Obapter 29. 
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vrheri T.‘xpo:red to the air, it i=ets in about a day and a halt. Soya bean 
Mil 1::^ a semi-drying oil; it requires weeks to dry. Castor oil is a non- 
drying oiL alter months it is still liquid. Tiie drying and semi-drying 
i ils are glycerol esters of unsaturated organic acids; they can rake up 
. xvaeii and in doing so, harden, whieii is termed ‘“drying."' The noii- 
drving oils are esters of satui‘ated acids and cannot take up oxygen, 

in varnish makiniE are linseed oil. ehinawood 


i.cnee 


Uev do not 

dry. 

Ti 

I o 

oils chiefly us 

Mil ah 

o 

called t'ung 

oil, 

29 > . 

T 

uiig oil heated : 

at'l, \v 

'h 

ile linseed 

oil 1 

ij.t-rely. 

indicating 

hoV%’ 


5 minutes to 550“ F. i2SS“ C.j cools to a soliti 
ted for several hours cools to a viscous liquid 
msitive to iieat the former is. 

Perilla oil comes from IManchuria ; it dries to a harder film than lin- 
seed and about as fast. Soya bean oil has certain unusual prcq3ei*ties : 
it can be bleached on heating, and it yellows less fast than any other 
o:L so that it is used in white enamels. A newcomer is oiticica oil, from 
Brazil, wliich is receiving much attention just now. 
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USTatural resins are exudations formed on trees long since disa]3peared 
by decay ; when they lie under a few feet of loose ground they are called 
fossil resins or copal. The hardest is the Congo copal; there is also a 
Zvlanila copal, an East Indian and a iXew Zealand copal; the latter is called 
kauri. Amber is a variety of copaL To these must be added rosin and 
ester gum. ISTatural resins are frequentB^ used in conjunction with syn- 
tlietic resins, to modify their properties, and to lower their cost (thus 
rosin added to phenolic resins) . 

Syntlietic resins have been introduced in varnish formulas in an effort 
to shorten the drying period ; such formulas allow drying within four 
liours. There are two other points in favor of the inclusion of syn- 
thetic resins in varnish formulas; a larger percentage of resins may be 
incorporated, and these resins absorb ultra-violet light without altera- 
tion, protecting by their screening effect the more sensitive constituents. 
About half the varnishes are made with oil-soluble synthetic resins. The 
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irianiifactiire of .such "'oil-soluble resins" is described in Ciiapter 35 on syn- 
thetic resins, in tvhich synthetic resins for molding- compounds, a distinct 
product, are also presented. 

In order to hasten the drying of the varnish, driers are added. Lead, 
manganese and cobalt in the form of oxides are used, and the amount is 
small; for instance for cobalt, an amount of oxide equivalent to 0.1 per 
cent of cobalt is sufficient ; for lead, 0.5 per cent must be used. 

Tiiinners must be introduced so that the oil-resin coating niav be 
applied in thin layers. Turpentine was largely used formerly ; when its 
price reached one dollar a gallon, there was stimulated a search for other 
thinners, such as a heavy naphtha fraction from petroleum, and xylene 
and toluene, wiiich may be obtained for around 16 cents a gallon. Tur- 
pentine is now much cheaper, 40 cents a gallon (1937j. The naphtha 
solvents have proved superior solvents, however, and have come to stay; 
among other things they arc particularly well suited to tlie alkyds 
and phenolic resins. 

The relative proportions of oil and resin vary in the several kinds 
of varnishes. A high-resin varnish would contain to each 10 pounds of 
resin, 1 gallon of oil, li- gallons of thinner, 0.4 per cent lead as lead 
soap. A long-oil varnish would have to each 2 pounds of resin, 1 gallon 
of oil, li gallons of thinner and 0.5 per cent lead as lead soap. A better 
classification of varnishes is as follows: 

'\Short'' — 12-15 gal, oiI/400 lbs. resin for furniture to be rubbed 

'‘^Moderately short” — 15-25 gal. oil/100 lbs. rosin for many household eiiaiiiels 

‘"Alodium length” — 25-35 gai. oil/lOO ]l>s. resin for sptir and floor varni-sii 

“I.,ong oil'* — 35-50 gal. oil/100 lbs. resin for durable exterior varni.-lit-s 

In making a “iiigh-giuri" varnish, 100 to 200 })Ciunds of resin are 
placed in a copiier kettle on whecds, and this is pushed over the liarae of 
an oil burner set below the floor. The temperature is raised repidly to 
600“ F. (315"^ C.) . Blown linseed oil is now added, and the two together 
are hc^ated long enough to give a uniform liquid. The driers are next 
avided in powder form and stirred in; then the kettle is pulled off the 
fire and cooled in the room. When fairly cool the thinner is added, 
after which the varnish is forced through a plate-and-frame pi'ess which 
retains any suspended material. The clear filtrate is pumped into stor- 
age tanks and aged for a period of seA^eral months. jSTumerous labora- 
tory tests on color, clarity, viscosity, specific gravity, drying power on 
glass, water-proofness and toughness of film, are run. 

An enamel is a varnish containing a pigment. It is made by mixing 
a pigment with thickened linseed oil in a ball mill preferably, followed 
by further mixing with a varnish in a mixing tank with paddle. The 
roll mill is also used extensively for pigment mixing, instead of ball 
mills. The older buhrstone mill is used only for pigments of hardness 
greater than that of the steel rolls. For whites, white lead, lithopone, 
titanox, or blanc fixe, are employed. 


^ Ohapter 29. 
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The roll mill ot the older type has three rolls which rotate at different 
>!H?eds, so tliar there is a rubbing action which causes uiimixed oil drop- 
lets to be torn open and brought in contact with the pigment* The 
rfyils are iioliow, and water cooled. The three-roll mill is losing its 
place in the manufacture of enamels and paints, to the five-roll mill, 
whose rolls rotate mucli faster, and vrliose capacity is three times that of 
:l:e three-roll mill with the same sized rolls. 

Baking japans are varnishes made up tvith asphalturn instead of 
resin: the baking is done, for metal surfaces, at 400"" F. f204== C.) and 
lasts 3 to 4 hours. This temperature melts the asphalturn easily, and 
dlistributes it evenly; during the baking the oxidation of the oil is rapid, 
so that on removal of the article the coat is dry. A very beautiful black 
hister is obtained; black automobile fenders are coated in tliis way. By 
!;aking at lower temperatures, varnishes containing tiie usual resins may 
be used. 

A spirit varnish conta.ins alcohol or similar solvent, and dries by the 
evaporation of the solvent; it contains shellac,^--' as a rule, or certain 
other resins such as mastic, sandarac and dammar. Several new syn- 
tlietic resin finislies are coming into wide use which miaiit be included 
under the term '‘spirit varnish," since they dry by evaporation of the 
solvent; they are: vinyloid, dissolved in ketones; pliolite, in hydrocar- 
I:)ons: tornesit, a chlorinated rubber hydrocarbon, in toluene and xylene. 

Spar varnish contains Chinawood oil and ester gum, and is water- 
proof- 

Lacqukks 

A lacquer is a xirotective coating which dries by evaporation of 
volatiles, and whose essential film-forming constituent is a cellulose 
tester, nitrate, acetate, or other. The liquid lacquer applied to the sur- 
face to be protected contains, for example: (T) nitrocellulose or nitrated 
cotton, called ’'cotton” for short in the trade; (2) tlic- solvent, usually 
a mixture of two or more substances; (3) the plasticizer which remains 
in the film and keeps it softer; (4) the diluent; (5) a dye or pigment. 
Table 63 shows the ultimate particle size of the various pigments used. 

A lacquer coating dries rapidly, by the evapora.tion of the solvents ; 
the standard varnish dries slowly, partly by evaporation, partly by 
oxidation. 

Nitrocellulose, also called pyroxylin, is made by nitrating cotton linters 
with mixed acid. The nitration is not allowed to proceed as far as w^hen 
making nitrocellulose for explosives, for the highly nitrated cellulose 
(12.5 per cent N and over) is not soluble in the selected solvents; for 
that reason, a "cotton’' containing only 11 to 12.4 per cent N is prepared. 




inc^ased cotismnption of shellac, partly as a result of these studies, is excellent. In coniunction 
%'ith laboratories in England, and the Research Institute, work on shellac " ‘splitting, and con- 
stitution, IS carried on at the Brooklyn Polytechnic Institute. 
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Tabi.*-: G3. — L'lthnacc Particle .SVsr* oj Yartoii.< Sta'fida.rel Pigmejit.^-. 


Alaxirn: 
« -li Xr,. 

:rri ro.^islur* 

32o ?cr-ff:: 


1 


44 rn;rToii.-> 

Tirirticio 

? j 

Alitterials iPer cgi'lzj 

CAIicron-s j 

CiLrbon l:»i;ick 

1.0 

0.1 


Firif* Tjartirle Zinc <Jxide (‘Tvadox'b^ 

. . 

0.12 to 

O.IS 

Zinc oxide (Florence French proce.-^.- 

“Oreeii Seal”) 

1.0 

0.21 to 

0.2G 

bit her- one 

1.0 

0.25='- to 

0.35 

Titanium bariiirn T.ajzment 

1 .5 

...” 


Zinc sulfide 

. . 

. - . *t 

... 

iiiah strentith lithopone 

. . 

...” 


American T:-roce.-.-= zinc oxide 

1.0 

0.2S 

0.35 

T-aniTiblc ck 

1.0 

0.4 


iead^rd zinc oxide 

1.0 

0.35 

0.45 

Iron oxide (Soanish) 

3.0 

0.4 

0.6 

bow leaded oxide leaded ; 

1.0 

0.50 

0.65 

Sublimed whi-i-e lead 

1.0 

0.65 

0.67 

Sasic ciirbonaTe white if ad (<>:1 Oiitcli 
Process j 

i.o 

0.75 

1.21 

Ohrorne ji'rr-en 

2.5 

. . . 

. - . 

Ultramariiif,.' blue 


5.0 



* Accorriinj^ trj- ri, Orc.'f?n =-t?ni-7iil3.ry piirTicles ('cicr^re-JZG.tes') of litLopoiie iiiiiy oe f.T.’iiijio.'if-' 
fr‘'rri 2 to p a **-■=- When ciisper.-se'.i the indivic; iinl i:»rirt ides vary iu tfiz,* fn .;:i 

loi^is to particle? per:;:iri? a iinlf a micron in riiameTer. 

“ Xc definite nvai-rible b?^t apprf xiricitely the same as 1 it iiopone. Tc.bl** fri i*.. ■■ 

T:s**r:t.- :n tiir r? lac 'i’a-'r ’ H. A. Xdsun and W. C- Xorris, Ah. jr’ ,/rvy- j/ Z . : r 

/Ih C'-tv': Ser >r.ei:.iL*-r ^, 1927 , 5 . 


The iinror.s ure purified from oils by boiling with ca.ustic. washed, and 
if colorless lacquer is sougiit, bleached. The nitration is carried out by 
placing 32 pounds of cotton in 1500 pounds of mixed acid; the great 
excess of acid is taken to insure negligible change in concentration over 
the period of nitration due to consumption of nitric acid and production 
of vvater. 

0 , 4114 - 020 — SIIXOc = 02411,-0 :2‘;X03.) S-h SHcO 
Ihi n it ra ted cell u lot^e 
or n it rood lulosc 


Tlie reaction given here is an idealized one and is meant to indicate 
the change taking place: a single nitrocellulose is really not formed, but 
a series of them, with various numbers of nitra.te groups in the molccules. 
The total nitrogen content is the guide. 

After 15 minutes in the acid, the cotton is dropped to a centrifuge 
below, to remove the adhering acid. It is then beaten in pulping 
machines (S hours) , boiled in poaching tubs (12 hours.) with several 
changes of weakly alkaline Vv'aters. ]Fina.ily the 25 per cent adsorbed 
moisture is displaced by denatured alcohol forced in under a pressure 
of 300 pounds. At this stage the nitrocellulose moist with alcohol 
resembles cotton waste in appearance; it is ma.de in a few plants, and is 
bought by the varnish maker who dissolves it and blends it to suit. 

Originally the nitrocellulose so made was dissolved in amyl acetate 
for example, and articles dipped in the solution. On evaporation of the 
solvent, a film remained. It was soon observed that onl^’" 6 ounces of 
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:.i" r'.K'elliiloire eoiild be dissolved in one gallon of the solvent; more gave 
r- -fdiitioii too viscous to flow. In fact, with 6 ounces, the resulting solu- 
%vas quite thick. ZSTitrocellulose which gives rise to such solutions 
i^allcrd Jidjh viscosity Jiitroccl Lvlose. It became desirable to modif^^' 
riitroce^llulose so that a greater amount of it might be placed in solii- 
lii.::, anhi ^v’ct liave a solution tidri enough to be applicable witii a spray 
-ii::. Such a modified material is low viscosity nit-roceUulose , the manii- 
laetiu'c of which is detailed in. this division. It is now possible to place 
24 rjiir.ees of nitrocc.hlulose with 16 ounces additional gums in one gallon 
Ijc^nce 40 ounces in all of film-forining materia.1. instead of 
i niy 6. The iniportant product now is low viscosity nitrocellulose. The 
wliicli are suitable additions are dammar, shellac, kauri, rosin ester, 
uiid similar ones. 

Higli viscosity “cotton'* is still made, for use in bronzing liquid, and 
liuiny lac(|uer forinu]a.s, because the film made from low viscosity 
'.viTTon is weaken' tha.n tlie one made from high viscosity cotton. 

CoxTixi ous Diokstkr for T.ow VrscosiTV XiTHO<a-:nuui.osi-: 

Xitrocellulose of low viscosity is produced by heating the first product 
: .f niirarion with water under pressure. This was done at first in batch 
dmesTcrs, cu’ small size, tlieii oi gradually increasing size as the control 
'.f the action was iiin^roved. Finally, batch digc.‘sters oi welded steel, 
hrif*k-lined, callable of handling a batch of 4000 pountis of nitrocellulose 
v/:ih 60.000 pouruls of water, were put in successful operation. As the 
visertsity drops ! tliat is, the viscosity of the- solutions of tlie treated 
nitrocellulose) during the heating, there is a decrease in the nitrogen 
eonient, from 12.25 to 12.05, and at the same time gas forii^s. In large 
Uinits of the batch type, the venting of the gas formed during ilie action 
r>resents some difficulties. For tliat rea.son, and in order to realize trie 
hicident economics, a fui'tlier iniprovc'mcnt was so’^ight in the form of 
a cvaitinuous operation. 

In the method devised tlie suspension of the nitrated cotton « 1 
party still in the fibrous form, in water >20 parts * , is pumped coii- 
riniiously through a tube 1000 feet long, curled back and forth in several 
tiers, and 4 inches wide, by means of motor-driven centrifugal pumps 
connected in series. The charge tx-avels constantly and after 25 minutes 
emerges and rises into a standpipe 200 feet high, from which it overflows 
TO receiving tubs below. Any bubble formed in the heating tube is carried 
along so that no gas pockets form. The tube is heated by a steam jacket 
! to 132"=^ C- (270° F. ) for example] for a distance from the entrance to 
the tube, then it is insulated for most of the rest of the way, except that 
nc^ar the end it is cooled by a water jacket. An acid-resisting alloy is 
used. The rate of flow and the temperature are controlled; by keeping them 
constant, the desired reduction in viscosity is maintained. 

The excess water is removed in centrifugals, leaving the product moist, 


‘Xitroceilulose of low viscosity,’* AI. G. Alilliken, Ind. Eng. Cfxem.. 22, 326 C1930)- 
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or it i.s fiisniaeerl by alcoliol in a dehy* irating press, leaving the nitro- 
eellulose aicohc:>l-moist. A test solution is prepared as described below, 

I^otv viscosity nitrocellulose may also be produced by heating the 
rirodiict oi nitriition with benzene or erliyl alcohold'"* 

Tiie viscosity depends upon the treatinent of tlie riitroeellulose, as 
lias been stated, but it also der>enfis to some extent ut'ion the solvent, 
The viscosity of the liquid lacquer can 'oe increased by adding non- 
solvenis siicli as benzene: it can be reduced by adding such “true sol- 
vents" as acetone or etiiyl aceta.te, 

Tlie method used for testing viscosities of lacquers is the falling ball 
method. A steel ball -fV incli in diameter and tveighing 2.043 grams 
is made to fall through 10 inches exactly in a glass tube 14 inches 
1 incli in diameter, with the liquid tested a.t 25^ C. i77- IF.). Tiie rime 
reciuired for the fail is taken with a stop watch. The concentration cc' 
the “cotton" to l)e tested, and tht^ nature of the solvent must be specified. 
The specifications suggestc^d by the Hercules Powder Cc^mpany have 
been generally aceepred: 16 ounces of “cotton" on the dry basis, and as 
solvent the formula known as Xo. 366, consisting of ethyl acetate 20, 
etb.yl aI<*oii<.d 25, toluene 55 parts, ail by weiglit. With the reiatirc: 
giveu:i,, a solution of a little over 12 per cent nitrocellulose results. In 
terms a: sticii a soIuti«:in and of the fa.lling ball test, a higli viscosit^c 
iiitr«;)eeIluIose will be 200 seconds for the fall, while low viscosity cellu- 
lose will cnie-half .second. Intermediate viscosities are provided. 

Plasticizers. By itself, the film of nitrocellulose left, after the sol- 
^’€rnts evaporat€U contracts, so that it wrinkles and buckles away from 
the sTirface being coated. This serious defect is successfully counter- 
acted by using in the formula a substance which will not volatilize when 
t-be film dries, hence will remain in the film, and which renders it plastic. 
Such substances are castor oil, camphor, diethylplithalate, dibutylphtlia- 
late, diamylphthalate, tricresyl phosphate, tributyi phosphate, but^v’I 
stearate. a.nd many others. Castor oil is used if pigments are to be incor- 
porated in the lacquer. 

By a.dding certain substances such as the chlorinated diplienyls, tlie 
Aroclors, there is secured a decrease in the flammability of the film, in 
addition ro a plasticization. 

Solvents for Hracquer. The first solvent for nitrocellulose was 
mixed alcohol and ether; this gave coliodion or “'new skin.^' It was 
improved by the addition of a little castor oil, giving now “flexible col- 
lodion." Por the protective coating, the early solvents were amyl acetate, 
butyl acetate, ethyl acetate, the latter two of which are now the most 
frequently used. The newer solvents are glycol derivatives (Chapter 
25) , amyl propionate, butyl lactate, cy’^ciohexanol acetate, and many 
others. 

The boiling points of some of the more important solvents are listed 
below: 


tJ. S. Patents 1,553,494-5. 
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SoIV€-?it 

E: liyl iLcetiite 

Butyl acetate 

Aiay] acetate 

Cycloliexanol acetate 

C.%/II<->soIve (Glycol mono eth3'l etiier;* 


H. pt. 


c. 

P. 

77 

170 

125 

257 

137 

27S.G 

170 

33S 

134 

273.2 


A differentiation between the several solvents is well made in two 
ixays; hy tiie vapor pressure at room temperature^*^ and by the rate of 
e^'aporationd^ 


On dryina, too volatile a solvent cools the film considerably, 
arrnospheric moisture condenses on it; this is called blushing. The 
is TO use a higher boiling, iience slower evaporating solvent. 


so that 
remedy 


Pyroxylin (the mixed nitrocellulose molecules resulting on moder- 
ately nitrating cellulose) placed in a solvent and apparently dissolved, 
gives merely a colloidal solution, not a true solution. A gciod solvent is 
one which takes up a large quantity of nitrocellulose, and still remains 
fairly fluid; a non-solvent takes up none at all. A diluent is a non- 
solvcmt widcli is miscible with the solvent; it is added in ariioiints insufff- 
ent to cause a precipitation of the nitrocellulose. Toluene, benzene, and 
V'etroleum naphthas are diluents. 

Cellulose Acetate Tacquer. Cellulose acetate t Cliapter 22) as 
liie main film-forming material in the lacquer formula Inas tlie great 
advantage that it is not flammable. Two factors, liowever, have retarde?: 
Its wider spread, one is that, for a given weight of filni-ioi'ining material, 
the viscosity of a solution of acetate is not as low as one of nitroeelluiose ; 
the other is the liiglier cost. The ]>histicizer is generally tricrt*.syl 
i.ihate. 


Uses for Tacquer. There are three main outlets for iaccp-ier which 
retraire a tremendous tonnage. First, artificial leatlier. which is made 
i>y coating a cotton fabric with a pyroxylin solution and then embossed 
to simulate the grain of a leather. Second, the finish for automoVAle 
bodies; a nitrocellulose or pyroxylin finish is superior to the stiindard 
gum-linseed oil varnish finish in durability, resistance to abrasion, crack- 
ing, chalking, and in rapidity and ease of application ; it is inferior to 
varnish in luster. The somewhat duller but more durable pyroxylin 
finish is now very popular. Third, interior decoration, woodwork, furni- 
ture and the like; here lacquer has the advantage over paint that it dries 
in less time. 


The application is mainly by a spray gun; within a few hours the 
coating is dry. One coating suffices. Brushing lacquers are also pre- 
pared, and marketed. 

Production figures for pigments, paints, varnishes and lacquers are 
given in Table 64. 


Grapb. on p. 673, Ind, Enff. Cherit., 17 (1926). 
Graph on p. 500, Irtd, Eng. Chem.^ 20 C1928). 
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JYiiztcd State. ^ RrofI uci Ion oj Pig rrit irt. 
LacQUcrs in indnS' 




i'Jrv T:»i«;iiients 




fMiitc lead (ba'^ie earbonate and r?uifatt-'; 

y.oi:n‘ls 

1 16,794 .7e32 

5 

Zinc oxide 


257-203.951 

4.95 

r.i T ho] ?( »nr- 

“ 

322.639,260 

4.44 

Iron oxidir.s (natural, s^^nthetic) 


112,423,238 

2.75 

Wbitiiur 

cc 

125.351.666 

.60 

Gbroriie vellows and oranges 


39.170.554 

9.5 

Iron blues (Prussian blue 5 


5 .582 ,836 

35 

Chrome greens 


7,959 ,753 

20.8 

Read v-mixed paints 

gallons 

S9 .449 .7 13 

144 .8 

White lei^d m oil, T:>ure 

i iOUlllls 

169 .629 .876 

7.02 

Varnishc^s, sviithetic-ok-orr-siiious 

g:i ] kj?is 

14,539.204 

I.IG 

Varnishes, resinous, except svriTbt-tif* 

** 

i 5 ,839 ,553 

.97 

Xitroceilulose lacquer, clear 

gallons 

9.332.624 

1.38 

Nitrocellulose lacquer, pigineait«ni 

•* 

11,760,134 

2.10 

Thlnners for iaeauers 


18.591 .54,'> 

.69 

Enarneris foil, ester gum, naxural resin?.... 


20-422.809 

l.Gl 

Enamels (svRthetic* resin type.; 


11,039,339 

2.00 

Bleached slicllac 

l ;OUIllis 

12,524,732 

19.4 


gala Jlis 

7.908,191 

i.Ol 


ef'iir- 


lha< 
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PrIXTIXG IxIv or Xr:V\hS IXK 

PriiiTin^^ ink nut be eoin|>ared to ordinary writing; ink; in i]^u: 

senser it i< not an ink at all, but rather a paint. It must dry as last as 
applied, mainly tiirough penetratiuii of ilie i>aper. It is made by mixing* 
carbon black or lamp black v/itli linseed and rosin oils, rosin varnish 
and a drior. 

Rosin oil is used in part, because it is clieaper than linseed oil. It 
is made by distilling rosin in simple stills, fired by the staves from the 
rosin barrels: there passes over water, acetic acid, an impure ‘‘pinoline," 
then rosin oil: the residue is pitch and is run off hot. The rosin oil is 
refined by a second distillation. Rosin varnish is made by heating rosin 
till water, acetic acid, and pinoline have passed over, then running all 
the residual liquid into a mixer containing warm linseed oil. This lin- 
seed oil is previousK^ hardened by the following treatment: It is heateii 
in a kettle over an oil burner and when hot enough, flashed, that is. 
ignited; it is allowed to burn in this way for four hours, tlien the fianitr 
is extinguished by placing a cover over the kettle. Only 5 per cent of 
the oil is consumed during tlie burning. 

The proper proportions of rosin oil, rosin varnish, and lamp black 
are mixed in a preliminary wa^^, then this mixture is fed to a number 
of rather small mills consisting of two horizontal steel disks, of which 
the upper one rotates on its hollow shaft, and drags the lower one, which 
is larger, with it but in constantly changing relation. The mixture is 
fed in from a gallon pail above, through the hollotv shaft. The discharge 
is at the edge by a scraper. 

Colored inks for printing are made similarly, using as pigments the 
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eoiiipound::; of organic dyes as well as inorganic pigments such 
liu blue and chrome yellow. Some of the organic pigments are 
. kike Bordeaux, heiio fast red.^^ 

ui])orTancc of news ink is indicated in tiie statement that the 
k Tribune alone ctjnsiiines over 4,000,000 pounds of sucii ink in 


(JXJIEi: PaTEX'T3 

i‘. S. Ititi nt or^;inic pliosphittes, to to %voo<:i, :tnd :is T..iiasii- 

i;:‘ ; 1.S4S.GG0, r-rocoss; lor ilic iiianufuci uro of ii red piEiiiont ; 1.9Si.2I0, iiiantiine- 

c.-i a trre-cn miiioriii pig:menT. consisting of fobnit chromiT e and Tmignosiiim onJrio- 
rr.akro: i.SlG.iSS-7, production of white {.»igiiit-iits from titanium di<jxide ; 1, 833,087, 
‘ i ccriTaiiiing barium and strontiiiiii con:* pounds ; enamel consisting of white 

i. zin- rjxi<ie, barium fluoride, oliinawtjod oil, linsoed oil, turpentine, gum inanila 

■ ::I. ethyl aktohol and acetic ether; 1 . 753 . 616 . aT:*plication of lacquers to rnetahic 

' a . 'CS : 1 , 801 . 340 . niTrocelluIose lacquers, and 1 ,S' 84 , 255 . same, wirh resins of the 
L'-.’Uiiiarone aii^i indeiif^ ty]:je.s (.^rc Chaxitcr 35 ;: 1 . 756 , 100 . colored nitrocellulose 

. ..rnisbes ; 1 . 756 . 267 . non-f>erietrat ing varnishes iind laequtrrs irora reaeti%"e resins of 

h- ii-a-aldelyv-dc tyi>e; 1,S17,1S3, manufacture of iithopone ; 1,821,441, paint and 
* i wirh a gr-anuiated or powdered ba«e, that can be applied in stippled form; 

h'^91.C79. laan-ifacM.iirc^ of \-arnisli and y>aint oils, using iiiixrurc-s of rt-i.tucc:» i 
u-h> u r. a rs with \ arying amounts of drying oils; 1.865,191, a lacquer c(j>iitain- 
nifiviT-r-. an artificial cyclic ketone resin and a solvent containing at 

■ 20 T er cent ]*ror‘.''''lone glycol diethyl ether: 1.S26.6G7-8. pipe-rid in* ■ an^i anisifiiiif: 

■i- r ];is: icizer in cr lkiloso a(*f'tate <*criihinaiions, t ri-iii-o.xy phf 'Uyl phosph:i1r‘ .‘is T-l.-is- 
ri ‘izi :• and. fireprrjofiiig agent with cellulose acetate; 1,870,556 { triciiloraco?amide> , 

1 - 836.701 ■ ! ri:ia.t hy !« glycol dibutyrate) for similar purposes: 1,836.687. for coating 

d rii'S t Ti form leallier substitute : 1,833,136, lor making :i sheer, iriatr-ria; r;f goo;i 
rlur.os of h\~dro]yzed cellulose* acetate. 

Pkobeem .< 

1. t.Jne toll ui lead in the form of buckles is inadt* iiiTo white lead having the 
( >:nposiTif)ri (idealized) 2PbCO;j . Pb(OH): 2 . If the yield is 95 per cenr. how many 

pounds of white lead will be obtained? 

2. %ViTh pjure niaterials, what Avould be the weight of K>ar:um sulfate? in 1 ton of 
drhopone? 

3. A rfjiige which analyzes 02 per cent Fe-O;-.. the rest water, is made hy hcaiung 
aOfiO ]'rain* is «.>r c* 0 | >i ^r-ras. How much rouge is obt^-iined? 
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xr£ ao29). 

For zinc oxide, road in ‘‘INIetallurgv of zinc and cadmium,” bv H. O. Hofinan, 
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47, 232T (192S ). ... 
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“The newe-r cheinistrv of coatings.” Carletoa Ellis. Did. Eng. Chem., 25. 1% 

(1933). , , 

“ViscosiTy-ternpcrahirc characterlstic.s of rosins,” H. E. X^ash, Did. Eng. Chf/h.. 
24, 177 (1932) ; “Visco-sity-temperaturc relationships of rosins,” J. AI. Peterson and 

E. Pragoft. Jr., p. 173: "Phy-ical properties of wjod rosin,” J. AI. Peterson, p. 1^. 
“Act'tic acid and celiulose acf tate in the United State.s. a general survey cf 
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“Cf liosolvr ar.fl i’s fieri v;;t ;v-'’s in nitrocellulose lacquers.” E. W. Reid and H. E. 
Hofmann, Ind. Eng. VIo.in., 20, 497 (192S). with man}' formulas for every kind of 
lacquer. 

“The glt'col ethers and thih' use in the lacquer indiL'^try.” J. G. Davidson. 7f. 
Eng. Clem.. 18, 669 11926j. 

The tuRE oil industry in the south,” H. A. Gardner. Ind. Eng. Chem., 24, 6s7 
(i932;. 

"The ‘bloom’ of varni.sh hlms. Part I. Aloasurement of the water-attraciiiig 
power cl varnished surfaces," ./. Soc. Chem. Ind., 53, 255T (1934). 

"Xote on the constitution of lac." B. Bhattachai’va. J. Soc. Chem. Ind., 54, S2T 
{1935). 

“.’^hollae,” A. F. Suters. Paint and Varnish Prod. Mangr., 14, Xo. 5, 22 (1937.. 
“Paint Diement.s.” Dr. H. Samuels. Paint and Varnish Prod. Mangr., 14, Xo. 5. 
10 11937).^ 

"Alanufacture of printing ink." Woolford F. Harrison. Ind. Eng. Chem.. 25, 37S 
(1933). 



It J~as bee?L said that the amount of soap consumed In a country is a 
t’iibit lueasure of that coutitrij^s civilization. There icas a time zchen 
: v'as a luxury; it is noiv a necessity. The vast amounts of soap noiv 

.':u.:r uf<:cturi-d in ei'cry civilized countru arc posi<iblc only because through 
\ ^ i. t i fc ic a I s c it ?i c e n e i r r a ic mat c r I a Is have be com e a ? * a 11 ah I e : the tallows 
■:rl anif/ial greases of the old days are mipplcrnented by coconut^ palniy 
cottonseed . and other oils. 


Chapter 32 
Soap and Glycerin 


Sottp is tlie sodiiiiri or potassium salt of stearic and other fatty acids; 
it is soluble in water, and this solution has edeansing properties which 
:ire uneepaaied. Other siibstance^s cleanse, but soap is tlie only one whicii 
dcH.*s so without injury to skin or fabric. Otlier metals also form com- 
witli fattv acids, thus calcium, aluminum, and lead; "but these 




i,mpounds are insoluble, ami se*rve as lubricants,^ in paints, and for 


thev are alwavs ci€\sia*nated 


*(*alciuni soa?>. 


‘lead 


It her i'>urj ':>4 )ses ; 

'» >tx.\ >. 

S-oap is made by tiie action of a warm caustic solution on talluws, 
n'eases, and fatty oils, with the simultaneous formation oi glycerin which 
it one time was wasted, or left in the soap, as it still is in certain cases: 
liycerin has become a valuable by-product.- The reaction-' is as follows: 

;5Xa01I4- (Ci7ir3X10O)2C\Ih=-3C.7H:;:.C00Xii -t- C;:!!.. OI! 

caii.^iic a iy pi cal fat, iiodiiun aiearate glyccrlft 

soda glycero-slearale {soap') 

or glyceryl stearate 


It 2nay also be made by the action of caustic soda, on the fatty acid, 
when no glycerin is produced: 


XaCH-hCiTHaoCOOH; = CivHsoCOOXa-i-UoO 
caustic stearic acid soap 

soda 

The glyceride used is never a single one, but a mixture of several, so 
that the soap produced partakes of the properties of each. Sodium 
stearate dissolves too slowly ; while the sodium soap made from coconut 
oil dissolves too fast; a mixture of the two has the right solubility. The 
iwiction is generally performed in steel vats, in which a solution of 
caustic soda is mixed with the fat or oil, and heated; the soap is in solu- 
tion in the water and must be separated by the addition of salt (XTaCI) . 
For high-grade soap, a steel tank wutli the upper part stainless steel, is 
used. The glycerin remains in the water and is drawm off at the bottom. 
The raw^ materials then are caustic soda or caustic potash (KOH), fats, 
greases and fatty oils, and salt. 

^ Cliapter 24. Ordinary soap, -that is sodium soap, is also an important luUricant. 

- S to lOe a pound. 

® Compare ttie reaction given in Cliapter 29. 
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Raw IMateriai.:^ 


The Citu^iic irO<ia is usually i*ec:eived in drums oi 700 pounds in solid 
eitustic, ami tins is made into a strong: solution hy inverting the tjpened 
drain over a steam jet tvirh provision to collect the solution formed. 
The caustic may also be crushed and dissolved vritli oecasiona] sT.irr:n'T. 
Soar? plants situated near riie alkali factory receive the caustic in form 
of a 50 or 25 per cent soliLtion; for distances this more conveniem 

streaigth \vf..juld mean a high freight bill. The caustic may also be ina?.le 
at the plant by causticizing soda iisli vcith lime; this is rarely done a: 
prc-sent. Caiisiic potash is usuadly received a.s the solid, in drums. 

Beef and muttcii tallow of all grades a.re used, from the best Xo. 1 
edible grade to the cheapest grade recovered from garbage: tlie grades 
chosen depend upon the quality of the soap to be made. Tallc^w :s nr.- 
used without admixture with other fats or oils, for it gives a soap whic:. 
is too hard and tiH} insoIul.>le; it is usually mixed with eoconut oil. 


'i’ABi.f: G4;s .. — Jlf <i! t t’iaiy. in Suu^/ £u ihi-- L, f/ St-it, ,-• j(j,r 

( Hui'i au uj "ht IJe pfiri fiit: }it (jf <J tj r/i mt n't . 


Po^inUs 

Taliow, inedible 603,002.000 

Grease 98.000,000 

Coconut oil 229,711,000 

tOIive oil foots 31,507.000 

Palm kernel oil 37,173,000 

Palm oil 87,311.000 

Fish oils 109.970.000 

IMaririf-* oils 2S, 4*^0.000 

< >livc‘ oil inedible 1.090,000 

Cotrciiseed oil 1.857,000 

Corn oil 2.828,000 

Soybean oil 2.549.000 


CcK-onut oil is a solid pt. 20" to 25-^ C.) : it gives a soa]> wiiieh is 

fairh^’^ hard, but too soluble by itself. It is the basis of marine soaps, 
as it lathers even in salt water. According to the country of origin and 
to the manner of i5oIa.tioii. coconut- oils differ in their content of frc-e 
fatty acids: the lower the fatty acids, the better the quality of tiie* oil: 
this iipplies to all fatty oils. Of the coconut oils. Cochin oil is the highest 
grade. 

Palm oil is listially colored orange to brown, and has 60 per cent 
free fatty acids, hence docs not give much glycerin : it is an important 
raw material, and is used for toilet soaps. Palm oil may' be bleached 
hy warming it and blowing air through it. Palm kernel oil is an oil of 
light color. Castor oil is used for transparent soap. 

Olive oil of the lower grades, no longer edible, is much favored by 
the soap maker; for fine toilet soaps olive oil of the edible grade is used, 
but it is denatured by^ the addition of oil of rosemary^, so that its import 
duty^ is low. Castile soap is a sodium-olive-oil soap, and also the Savon 
de ^Nlarseille. 
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the zThiiiin.^ of eortonseed oil a treatment with a solution of caustic 
:irs: step * C. ha i.) ter 29 '» ; the alkaline liquors contain the foots and 
:.re iti Sf>ap ziiakin^. Cottonseed oil itself is also used, usually com- 

ifzievi wirli icjots, or after beinpe treated to form the free acids i'Twitchell 



175. — Twitchell process f:iL-splittin|? plant, with tank, tv/o saponifica- 

tion tanks, sweet water tanks, and fatty acid wash tank. (Oourtesy of Wurster 
Litid Sanger, Inc.. Chicago.) 


Tiie 'o.’ord grease to the buyer of soap stock means an animal fat, 
suiter than tallow, obtained by rendering diseased animals, or from house 
and municipal garbage, from bones,^ and tankage. Sales in 1935 of 
■ grease including soap stock” were 306,116,512 pounds, at 5.9 cents a 
jiound; while “tallow, inedible,” also a soap stock, was 431,976,463 pounds, 
at 6.3 cents a pound. Rosin serves for laundry soap, and is discussed 
under that heading. 

Free Fatty Acids. Instead of the glycerides, the free fatty acids 
may be used; these are produced in a preliminary operation, the best 

* Cii apt ei- 36, 
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known which the Ttvitchell proces^?.'^ (See Fig. 175.) In this 
proce^rr, any ipiality o: oil or great=e i::; changed into slightly colored free 
fatty acitis ; the glycerin is reeoveretl from the acid liquor, and in addi- 
tion a residue of the distillation of the crude fatty acids called candle 
tar. The process consists of iieating the foots or grease with 30 per cent 
sulfuric acifi in the presence of a siiiall amount tO.o per centj of napii- 
tliaiene sulfonic iicid as a catalyst; the boiling is done in open, lead-lined 
w(.>oden tanks. The melted fa.tty acids produced, insoluble in water, are 
freed from acid by wtiter addition; the sulfuric acid waters contain the 
glycerin; by adtling lime the sulfuric acid is precipitated as calciuiri 
sulfate, filter pressed, and from the filtrate the glycerin recovered by 
concentration. Tiie fatty acids are agitated witii water to remove any 
sulfuric acid, and used such, or they may be distilled under very low 
pressure tTO to 20 mm. Hgi ; the still is Iieated by open fire. iSee Fig. 
17G.) The distillate is white at first, and yellow for the whole the 



Tiguke 176. — Fatty acid distillation plant. (Courtesy of 
Wurster and Sanger, Inc., Chicago.) 


residue in the stiii, the candle tar (or stearin pitch) , is used for prepare-d 
roofings. Stearic a.cid produced by this process is an excellent material 
for making candles; it is a white solid, melting at 69^ C./ and is an 
article of commerce. 

The advantages claimed for the Twitcliell and similar processes are: 
The concentration of the gl^’^cerin is higher in the filtrate from calciuin 
sulfate than in the glycerin water in tlie boil process, and it is free of 
salt. The fatty acids may be made into soap by means of soda ash; 

® O- T. Joslin, Ind. Eng. 1, 654 ; also *‘Tiiom.sseii*s soap-making manual,*' V«ep. 

York, n. Van JCostrand Oo., 1922. 

® !N'evv catalysts whScH cause less or no darkening laave come into use replacing tlie naplithal^e 
sulfonic acid.; tiie I*feilring, and. the Kontaet ; see p. 117, ^‘Thomssen’s soap -making manixal,** New 
York, ID. Van ?Costrand: Co., 1922. The yellow color is a drawback. The T’witcheli process proper 
does not include the distiiiation. 

The coiiimereial stearic* acid, melts at 65® C. or lower. 
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T:..e more expensive caustic is not necessary. There is a decrease in the 
; c.icr o: strong-smelling stocks. 


^^I.^X’trFACTITRE OF *SOAP 


Ordinary toilet soaps and laundry soaps are nipcde by the "boiled 
rroeess", which is adapted to batches ranging from 1000 pounds to 
S'iO.OhO pounds; a second process, the *‘cold process," is used for special 


^i; 'sS . 

By the boiled process, a batch of 300,000 pounds of soa.p for example 
wtuld be made in a steel kettle 28 feet in fiianieter and 33 feet deep, 
wii::, a slightly conical bottom. A solution of caustic soda testing 18^ to 
2(r Be. n2.6 to 14.4 per cent XaOH) is run into the kettle, and the 
nielted fats, greases, or oils pumped in next. The iunount of caustic is 
sf.j a-fijusted that there is just sufficient to combine witi. all the fatty acids 
liberated. Heat is supplied by direct steam entering througli a p-eriorate<i 
esul laid on the Ijxjittom of the kettle. There is no stirrer but agitation is 
TU'Cwided by a direct steam jet entering at the base of a central pipe j'coni- 
piire iilustratioii) . The kettle is kept boiling until .saponification is com- 
plete, which requires al^out 4 hours; salt (XaCI) is now shc»velcri in, 
allowed to dissolve, and the boiling continued until the soap lias separated, 
forming the upper layer. Tiic lower layer contains glyc€u*in and salt, 
and is drawn off at the bottom of tlie kettle; its concentration is described 
iindier glycerin. The whole operation just described is termed the sapo^iO 
change and requires about 8 hours. 

TiiC salt used is chiefly rock salt; it is recovered in large part, anrl 
use<l over again. 


On the second day, water is run in and boiled with the soap : any 
glycerin caught in the soap is dissolved, and the solution, a lower layer 
again, is run off at the bottom; it is combined with the first glycerin vrater. 

On the third day, a 10"^ Be. fresh lye (6.5 per cent XaOH) is run into 
the kettle and boiled with the soap. Any glyceride which escaped the 
first tre^atment is saponified; any uncombiiied free acid is neutralized. 
The soap, which is not soluble in the alkaline liquor, acquires a grainy 
structure. This is called the streyigthening change. After settling, the 
lye is run off and used in a new batch. 

On the fourth day, the soap is boiled with water, wliicli is chiefiy 
incorporated in the soap. By this treatment the melted soap acquires 
a smooth, glossy appearance. On settling., three layers are formed: the 
upper layer, the melted soap ; the middle layer, the nigre, which consists 
of a mechanical mixture of soap in a soap solution; a ver^^ small lower 
layer containing some alkali. The melted soap is pumped away by means 
of a swing pipe without removing the nigre ; the latter may remain in the 
tank and be worked into the next batch; the small lower layer is wasted. 
This operation is the finishing change, and lasts several days because the 


Tal>er pump is suitable; see Chapter 41. 
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sottliiig- luu^r he vei’v thorou^li. Y'ur the whole cycle cjf o])erat ioii<. al.scfut 
one week i:^ cur^^toiiiary. 

The meltcM:! soap is puinix'd to driers, criitchers, or storing frames; it 
c(?iitains 30 35 per cent water. One pound of fat or grease iiiakcs abouT 

1.4 jioiinds of kettle soap; the factor Agarics with different raw materials. 

Lrauiidxy Soap. The procedure for laundry soap by the boiled 
i;>rocess is the same as has just been described, but tiie raw materials 
arc. for example, 4 parts tallow and greases and 2 to 3 ijarts rosin. The 



latter is adderl ttfter the greases iiave been saponified, and it is added 
in tlie form of sodium resinate: tliis is made in a separate kettle, by the 
action of soda ash tvvdiicli costs less than caustic') on the rosin. A saponi- 
fication does not take place with rosin, which consists of a^bietic aei^l 
chiefly,, and not glycerides; the formation of the sodium resinate is rather 
a neutralization. Rosin is cheaper^ tha.n grease, and gives a rather 
soluble soap. 

The kettle soap for laundry is punipefi irtmi the kettle to a crutcher, 
which is a smaller tank (Tig. 178) fitted with a special agitator ami 
with a steam jacket, and one of the following materials is added: silicate 
of soda, 41" Be. f with 40 per cent solids), up to 30 per cent; soda ash, 
2 to 5 per cent, either alone or wfith borax, 1 per cent; or trisodium phos- 
phate, up to 5 per cent. The mixture is crutched until homogeneous: it 


^ Xormuily $10 to $14 for a unit of 2S0 j>ouiicis ; wliile talloiv and greases average 6 or Sc a poiisi i. 
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A tlieii run off at the bottom of the crutehei' into a “frame/' a box 4 
:‘vet hia’li. 5 feet long, and 15 inches wide, witii removable sides, two of 
and two of wood; the base is a small truck. The content of sueii 
frame, of wliich there are hundreds, is 1000 to 1200 pounds of soap. 
.-V cniTcher 4V feet high and 3-V feet circular diameter lias a capacity 
-dghtly greater tiian that of one frame. The content of the frame hardens 
:n 3 days to a solid block, and the sides of the box may then be removed. 
The block is dried somewhat, then cut into slabs, and these into bans and 
nieces. The water content of the finislied soap is about 30 per cent. 

Milled Toilet Soap. For a iiiiiled toilet soap, the kettle soap is 
-breddcd, partly dried, mixetl witii e^sseiitial oils, milled in sione mills, 
pl^idded, tiiat is, pressed intcj bai*s, and tht*se cur iutij cakt*s. A niiih-d 
n. riici stiap contains a})out, bo pen' c*ent. wnltu*. 



Fcii.ii!-: 179.- — An AninrieLin <o:i.p r:hredti<*r and Tin.' iiiehirt.L soap iron: 

insuhited lank B is fed to die roils. rt*aehi:iy: the knife vv'hrM*e the 

rilibons ai’o termed; Hh'v tiro olcvatf-d \>y (J to the \v;rt.' sert 'cii Jj. 
in»: 1o the other two and liisehar^in^ at E: the warm air en^er.s A. 
and l'etiv('S at the tO].). 


The Kettle soap is pumped directly into the operating tank of a 
French or American soa.p drier (Fig. 179) and from there fed gradually 
a series of steel rollers, chilled by ice-cold water. The film hardens, 
and iDasses six rolls, each rotating a little faster than tlie preceding one. 
Tne last roller is fitted with a knife with saw’-tooth edge, which tears 
the soap into ribbons one-half inch wide. These are elevated by a broa<l 
endless belt with wooden cross pieces to the uppermost of three hori- 
zontal endless wire belts. The shreds drop from the first wirc^ belt to 
the second, then to the third, which delivers them, warm, to a receiving 
f>ox on wheels. The wire belts are enclosed in a wooden closet, and 
warm air is forced through them, reducing the moisture of the ribbons 
from 30 to 15 per cent. They are next fed to a Ruchman mill, con- 
sisting of 8 granite rollers. The ribbons are sprayed wdth the essential 
oil chosen, as they enter the mixer: in the passage between the rolls, 

Tlie soap is conveniently stored in the form of solid blocks made in the specuil box described 
Isiuiidry soap as a frame; wlien needed, the blocks are cut in slabs, and these remelt eci in a 
.-;>ecial kettle. 
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v/liicli aa'iiin move at increasing speeds, they are pressed together and 
mixed thoroughly. On leaving the last roll, a serrated knife cuts tiie 
nevvly formed sheet into ribbons again. These are still warm, and have 
the proper moisture content so that when fed to the next macliine. the 
plodder, tliey coalesce perfectly on being forced by a spiral screw tliroug}. 
a die; the screw and die are steam heated. A bar is obtained vdiich can 
be cut into cakes by the movement of a frame with taut steel wires. 
Elach cake is then x:)ressed in a die to receive tiie trade mark and its 
final shape. 

Cold Process Soap. In order to make soap by the cold process, a 
vertical crutcher such as described under laundry soap and shown in the 
illustration (Fig. ITS) may be used (capacity 1200 pounds) or a liorizon- 



ISO. — Wurster and Sanger spray-proc€^si=: soap 
powder plant- fHy j.iermission.) 


tal one of greater capacity. The fat is run in and heated to 130° F. 
(54 - C.) by the steam in the jacket; then the lye is added and the mass 
agitated. Tlio reaction is exothermic, so that the heat may be turned off 
at this point. After crutehing for about an hour, the mixture stands lor 
3-i hours; then it is agitated again, and rested again. The glycerin lib- 
erated remains in the soap, which is run off at the base of the crutcher 
into frames and milled as described under milled toilet soap ; or the per- 
fume may be added in the crutcher and mixed with the mass there, at 
the end of the operation. 

Sodium and potassium soaps mixed are always made by the cold 
process. Potassium soaps are soft soaps; the potassium soap cannot be 
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:-tt]Tcd fnit by ZsaCl, for the sodium soap forms; ncitiicT can it be salted 
?ait by potassium chloride, IvCL Xiie process is used for shaving soaps, 
to: let soaps, and special soaps; certain laundry soaps a,re also made by 
this method, rshaving soap is a potassiuui-sodiuin soaii containing free 
stearic acict in ortler to give the lather a lasting property. 

Miscellaneous Soaps. Transparent soap is made in a variety of 
tvays. One method requires the best coconut oil, castor oil, and tallow, 
wiiicn are treated with caustic soda lye by tiie cold process ; tlje glycerin 
remains. a.nd cane sugar and alcohol are addled. 

“Sesap powder" is a hydrated mixture of soap 20 per cent, soda ash 
40 Tier cent, and the reniaimler water. Pt^wdered soap is very dry soa.p 
whieli has been reduced to a fiiio powder; it is used in adispfcnsers in wasli- 
Tooins. Liquid soap is usually a potash soap dissolved in water, cemtain- 
ing from 8 to 30 per cent: the solutions of 30 per cent and higher contain 
alcohol. Tiie manufacture of soap i:>owdcr may be illustrated hy means 
of the spray tower system, shown in Figure ISO. 

The soap solution, containing, for example, 20 per cent soap an^^i 40 
per cent sodium carbonate, is sprayed into the tower tiirougii a special 
nozzle. As the small drops travel downward, tliey cool, partly by losing 
.-enslble heat to tlie air current wliich sweeps upwardi, partly by e\'apora- 
i;«vn of water. The sodium carbonate crystallizes to . IQII-O, sal 

soda, thii.s binding tlic greater part of the wiiter; only a small aunoiint need 
be lost by evirporation to produce a dry powder."^ 

Textile soap is another specialty soap; it is made irmn olive oil. an*i 
is run into barrels so that the buyer receives a cake tPie size of trie barrel, 
and can cut it into slabs and bars to suit liis requiremenrs. Textile 
soaps for wool, silk, or cotton differ and formulas suitable for each are 
recommended.^- 


T'abcs 65 . — Selected Items hi the Soap Industry jar IfiSS ( Burcriu. of th.r Census). 


Pounds 

Toilet soap .362,901,569 

haundi-y soap 420.519.270 

Powdered soap 502.122,591 

Soap chips, hakes, packag:od 307,274,876 

Soap chips, flakes, bulk 151,659,8^^2 

Washing powders 132,681.612 

Scouring powders 186,494,781 

Textile soap, including potash and foots soap 67,521,396 


14.6 

4.75 

9.03 

S-35 

7.1 

4.2 
3.12 
7.65 


Other Processes for Soapimarixg 

The lime soap process, used in Europe, has been tried by at least two 
firms in the United States; by one of these, it^ use has been discontinued. 
In this process, the fats are saponified by lime instead of caustic ; the 
insoluble lime soap forms and separates without requiring salt addition. 
The glycerin liquor is therefore free from salt and its concentration much 

U, S. Patents 1,732,454 and 1,740,759. 

^ “Thomssen*s soap-makins manual,” York, II>. Van Xostrand Co,, 1922. 
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simx^lifiecL The lime soap is cliaii^-ed to sociiiiiii soap by treatiiicni with 
soda ash. 

Another process used chiefly in Europe is the autoclave process, which, 
like the lime process, is designed to produce a i>urer glycerin than is yielder; 
by the boiled soap process. The fats arivd oils are saponified in a closed 
vessel, under T.>ressurG, when a fifth of the calculated amount of lime, <^r 
lime and ma.gnesia, are sufficient for the hydrolysis of the glycerides, wit}, 
the formation of the free acids, glycerin, and a moderate amount oi 
calcium or magnesium soaps. The latter and trie free fatty acids separate 
a.s solids, from \vhich the glycerin water may be decanted or filter-pressed; 
this glycerin is almost pure. 

Guvcerin: 

Crude Glycerin. The <venl lye drawn from the kettle in the innlrn 
process contains the glycerin io per cent y, the salt (TO per cent./, some 
albuminous substances, free alkali, and soap in solution. Tiie alkali con- 
tent is normally 0.4 per cent or less; for purification, aluminum sulfate is 
added; there are formed aluminum hydroxide and aluminum soaps, both 



Tigvke ISl. — A spent soap ive-treating plant (ieft; and a single 
cfioct: \'aciium evaporator for giveerin. recovery- wiih the two 
salt br)Xo.s iinficrnearh. (Courtesy of tViirstcr and Sanger. 

Inc., O b i ca g o . ) 

insoluble. This precipitate settles well in the slightly acid soluticsn; it is 
filter-pressed, and the filtrate made slightly alkaline before concentratioii. 
(See Fig. ISl.) The concentration is i^erformed in a closed, upright cylin- 
drical steel vessel with conical bottom, and fitted wuth a set of steam 
coils. The steam in the coils is low-pressure, 5 to 25 pounds; this is suf- 
ficient because the pressure on the liquid is reduced by a vacuum pump 
to w^ell belovr atmospheric. "Water vapor passes out, and when the specific 
gravity of the liquid has reached 29"^ Be., the salt can no longer be liebi 
in solution, and separates, dropping into the cone. The whole content 
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:i:r‘ C'\-apt.)rator is (iropped into a steel box at the outlet from the conical 
'-fCi.i: in tiiis salt box, tiie salt settles out. The supernatant liquor is 
into the still; ^iycei-in water from the soap kettle is run onto the 
suspension settled again and tiie liquor also sucked into tiie still, 
Ti^e sah. fairly free from glycerin, is place<l on a nutsch filter and 

drif/d: it still I'ctains 1 per cent of glycerin or so, but this is not I<jsr. for 
'he sal: is iisod (.>ver again in the kettle room. 

TiiO drawn back into the still from the salt box is iiiiich lower 

in s^'^eciilc gravity, for it has lost the salt; its glycerin content is about 
49 per cent. The evaporation is c<jnrinued until SO rn/r cent is readied, 
and ri:e red liquid then obtained is tiie crude glycerin of commerce- Tiu* 
test :nr this stage consists of heating a small samok" in an oi^en dish, when 
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Crutie glycerin is an article of coimnercc. It is the raw nmterial 
i)i rhe glycerin distillers, a separate enterprise. IXIany o: tin* larger soar^- 
makers. hovceveu’, distill the glycerin in their ow:i phints. 

Distillation of Glycerin. The crude glycerin vrith a red colur is 
made into a purer, straw~coI< 
pressure*, in a current of stet 
which 1 lO-pcaind superheatec 
h tw as possible, about 1 ind 
iirst the water contained in ' 
over, tiie steam jet allowing 
and the glycerin comes over with the steam. The vapors pass tinrough 
five air-cooled receivc*rs hi wliidi tlie glycerin, witii a little water, con- 
o’f:-iises. but which cannot hold the bulk of th.e water vtipors : tloeso r)ass 5!:; 
to a. nuilti-tubed cold-water condenser with considerable surface where- 
:r is condensed rapidly. The condensed water, c'ontai^ning sciuie glyccn’in. 
i- termed stveet wuiter; its amount is ratiier considera.ble. for about 3 
pounds of steam are sent throiigii for eaeli pouini of glycerin. The sweet 
water is evaporated to the strength of crude glycerin, and treated in the 
same way. 

Trie glycerin gathered from the air-cooled recei^'crs iias a concentra- 
tion of 85 per cent. By far the greater qua.ntity is made into dyna.mitc 
apv'cerin, by concentrating it again a.t reduced pressure, pulling away the 
water vapors until the content of glycerin is 99.8 to 99.9 per cent, and 
ir^e specific gravity 1.262 at 15° O. Dynamite glycerin is sTra.w-colored. 

Tiiere is left in the still a residue, the foots, which contain tlie sodium 
sulfate formed by the aluminum sulfate treatment, glycerin, and organic 
impurities. The foots are treated to recover tlie glycerin content. 

The distilled glycerin is made into the grade by treating it 

while lukew'arm 'with bone char, filtering, and redistilling the filtrate in a 
separate still used for nothing else. The distillate is treated vrith bone 

Chsipter 42. 

Xhis riK^iiris absolute pressure; the usual stateinent is 2S incht® vacuiim ; if the normal 
ritKitjspheric pressure at that locality is 29 inches, it is the same as 1 incii pressure al>soIute. The 
j^orrriai barometric pressure at sea level is 29.92 inches Hg- 

United States Pharmacopoeia, see Chapter 30. 
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ciiar a r^eeond time, filterecL and is then as white as distilled water. It 
has a strength of about 98 per cent, and a specific gravity of 1.258 
at 15 - C. 

The yield of glycerin as dynamite glycerin or hT.S.P. glycerin is about 
90 per cent of the glycerin contained in the solution from the soap kettle. 

A process for the manufacture of glycerin by the fermentation of 
sugar or molasses has been put into large scale practice. A yeast is used, 
and the fermentation is ma.de to proceed in an alkaline medium by tiie 
addition of sodium sulfite, sodium phosphate, sodium carbona.tej or any 
one of scvera.1 otlier salts. Sugars which are suitable are grape sugar, 
glucose, fructose, inverted saceliiirose, treated starcli. One kilo of sugar 
to which liave been added 500 grams of sodium sulfite anhydrous, and 
250 grams of magnesium sulfate, in S liters of water, with 100 grams c: 
3 ^east, yielded in the best trial 13 per cent ethyl alcohol and 33 per ce^ni 
glycerin. An improved yeast which will bring about the fermentation 
of sugar to glycerin in half the normal time has been described.-” 

Glycerin is used for dyna.mite manufacture, in paper making, in the 
manufacture of ra.yon^ cellophane, and in certain inks. It finds use in 
hydraulic brakes for a.utomobiIcs, and in certain shock absorbers. T}:e 
X”.S.P. grade is used in the pharmacy, for lotions. Glycerin is valuable 
also as a solvent ; as an anti-freezing mixture in automobile radiators 
it lias found use in the past, but the synthetic ethylene glycol has displace^i 
it to some extent. 

In 1935 there were produced 24,041 pounds of crude glycerin, 

valued at 9.83 cents a pound, and 121,261,514 pounds of refined glycerin, 
valued at 10.7 cents a pound. 


Ot H.K 11 Path x ts 

l.So2.S20, nianufactiire of a stabilized .soap containing: plienvlphenoiatc ; i,S53.S07. 
on mimufaeture of resinous soaps: 1.SS7.743, transparent or opaque toilet soaps and 
medicated soap-s ; 1,574,3SS, rapid, cGntinuous process and apparatus for making 

soap, intended to replace the cold process; 1.SS5.166, distillation of glycerin by 
iiijccting supfcrlieated steam; 1,537,010. production of pure gly^cerin. 

Probleais 

1. A soap T^owder is to be made from a soap solution containing 20 per cent 
soap and 40 per cent sodium carbonate. Let all of tlie sodium carbonate be trans- 
formed into cry-stals of the dccahydrate. and let the soap retain 5 per cent moisture. 
How miioh water will have to be lost bv evaporation in order to reach apparent 
drymess of the powder? 

2. Let the saponification reaction take place as stated in the introduction to 
the chapter, in the first reaction, with a fat. If 1200 pounds of ISTaOH (100 per 
cent) are consumed, how many pounds of gilycerin are produced? If the caustic 
is in the form of 1S“ He. solution with 12.6 per cent ISTaOH, and the kettle has 
three times the capacity of the caustic solution, what would be the necessary size 
in cubic feet? Select dimensions which will reflect the shape of kettle shown in the 
illustration. 

U. S. Patent 1,511,754, 

XJ, S. Patent 1,551,997. 





SOAP AXIJ GLYCERI^; 


R E ADI 2n G R EFERK N CKS 

-mil king rnanuai/' E. G. Thonissen, 2se\v Vcrk, !>. '^’'an ZS'osrrand Co., 1922. 
IsjCit-m scaj s, caiitiles, and glycerine," L. L. Earnborn, Ecndon, Cra.-^by I^ock- 
ik. Son; Xew Vork, T). Van Xostrand Co.. 1906. 

loderii .~:oap and detergent iridii-''Try Cx. ^Martin. Eondon. Cro>:’riy Eoekwood 
i, 1932. 

.mt-rican soap rnak^.-rs* guides’' B. P. ZMeerbott and I. S. StanisIau.-=, ZS ew 
EeiiiA’ Ciirey liaird Sz Co., 192S- 

loderrle Toiletcii Seifen,*’ Julius' Schaal, Augsburg. Verkig Ziolwski. 
lixidie soap,'' R. Ji- Eergiison and A. S. Richardson. J?id. Eng. Cheni., 24, 1329 

jVf.r'r of pir OH action of soap,’^ F. H. Rhodes and C. H. I3a.scom, Ind. Eng. 
i 2'3, 77S (1931). 

•'Modern, stearic acid plant,'' X. R. Olive, CJJicni. .Mel. Jing., 36, 721 (1929). 



Ever ,<:/?7cc t/ie hirfh of modern chemfStry. zchlch is tisifcilly dated from 
the days cf Anto/ne Eou‘S Eavotsier^ late in the 18th century , the rtien 
■practicing the new science have controlled the trtanufacture of explosive^ : 
Ea voisier himself ?./'as the majiager of the powder irorlcs of the Frenrl^ 
Oover7i7ncnt just before the re votutiojz of 1789. 


Chapter 33 
Explo sive s 

rZxjjlor^ives sor^’e two main imrpuso^. In time's of peace . they serve 
as a labor-saving deviet' in clislotiging rof*ks, coal, and other iiiiiierab ; 
in Tillies at war enicrgericy. they serve for the national defensti againsr a:, 
enemy. As to the latter nse. the day is undoubtedly aiinroaching \vhe-ii 
all disjiutes will be settled ini their merits, by court or council. It is prur^et 
in the* meantiiiK* for ever^v riatioii to provide tlie necessary explosives I'or 
the })rotection (>i persons, property, and institutions within its border-. 
When the <iay of universal ^leace arrives, ex])lusives will contiiiut- be 
manufactured, for as man's servant in the discharge of pli^^sical tasks, 
they have become indisiiensable. As an exanix:>ie of the advanttiges which 
exx>Iosives confer, the following may be given: It took 30.000 men 11 
years to build a 3-mile runnel for a Homan acjueduct: tlic same coiisri'tir*- 
tion by means of inodeiTL inaciiinery Limi high t‘X}dosiv(*s rcniuires only KjO 
men working 10 months. 


TT-MifLi': GO, — 7 . .s tfj .X/nre I tti partu nt 

I Jyiia.iii.it f- (, liinvjtrlycf'viii wil h wiiOd im-iA. n:t ratios, 
Ol* 

filasfiiiiE ««f-laria ( nitroa*! ve< -rin 9CKd and nitro4:«d!ii- 

lose IQfi'j ■ 

TXT -'triiiitrotoliiene) 

Pii*rie acid 

Ammonium nitrate 

Smokeless T‘0\vder tnitraTed cell-.iiose geiaiinized by 
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Black powder 
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An explosive is a chemical substance or a mixture of substances which, 
struck wdth a hammer or touched by a flame or electric spark, is suddenly 
rearranged with the formation of gases and the develo^jment at the same 
time of heat- If this rearrangement takes place inside a closed chamber, 
its walls are shattered. Tlie substances w^hich serve as useful explosives 
are comparatively inert, for they must be manufactured, handled, and 
transported without premature explosion. The extremely sensitive sub- 
stances such as nitrogen tri-iodide, which explode at the touch of a feather, 
have no value as commercial explosives. Among the useful explosives 
a distinction is made between high explosives and ordinaiy explosives. 
The distinction is not on the basis of sensitivity, but on the basis of shat- 
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iiiir<..sa'lyccriii i.s a ve^ry ?^eii:^itive high explosive; picric acid, 
T ijne. Very .sc-nsitive substances such as mercury rulimiiate 

Is-ad LLziiAC are used as primers, that is, to start the explosion of a less- 
- -n-irive sui>staiice. whicii a light blow not set off. A list oi tlie 

■'■■■: re imprc'tant explosives is given in Table 66. 

'Phe uses listeri in Table 66 are not exclusive in every case: thus dyria- 
-■ i*c is used in war to damage bridges anei i*aiiroad tracks, in order to 
^ lunoer a rairsuing enemy. Smokeless powder is used in the small amount 
. nhace-time ammunition consumed by hunters. Black rjowder is used 
srs:nc' types of military shells. 

Tlicre are oilier su’i^stances which are of inipeu'taricc in the explosive 
hndusu-v for various purposes. Diplienyl amine is a stabilizer for smoke- 
nowder; urea, similarly. Oynaniite may contain anti-freezing agents. 
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PROPKR'I'iKS ANI> TkSTS 

Ti;.e siiatteriiig ixswc-r. alst> called the brisaiax-. (i 
two propcrtic^s, the strength of the deionatio 
•r.nagation of the exj-^losion witliin tlie exphisivc 
upends urxx.i the volume of gases <lcvc!opc‘d, and la 
jerared/ It is measured by performing the explos 


f till explc»si\'e 

n. and tiav velocity o: 

itself. TiiO strezigth 
xui the jimo'unt of lioat 
ion of ii know!i vs’eight 


i i nil 1 82. — I >‘-i 1 1 1 r i chc t f ’.st 
for volcH-'ily of detoriii- 
I ion : 1, mxin 2 and 

3, drt Off inc: iTi.'rO,--. Tiif* 

d:.r:an*;*o E-S i.'s nioar'iircd. 



(>f the substance within the cavity of a lead block: tiie cavity is distendea 
Ire the action. The x^olume of the dhst ended cavity is a measure oi the 
-trengtii of the explosion (Tramzl test). Another method is the ballistic 
mm, a 500-poiind mortar suspended a.s a pendulum j which shoots a 
36-pouiid shot; the recoil of the mortar is measured. Tiie two methods 
give concordant results. 

The velocity of detonation or explosion is determined by tiie metiiO(i 
tn IDautriche. A tube filled wdth the sample is fitted with two auxiliary 
detonators, which are set off when the explosion passes them; each is 
connected to a standard trinitrotoluene fuse (copper pipe) which ter- 
minates at a thick sheet of lead (3" X 15" X 4") , as indicated in Fig- 
ure 182. Each fuse on burning causes a bend in the sheet ; the position 
of the point where the two bends meet relative to E is the measure of 
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the velocity.^ Some values for strength and velocity of explosion are 
given in Ta.ble 67.- 

The velocity of detonation depends upon the chemical constitution 
mainly- but very ap|3reciably upon the density of the explosive, raised 
by compression; the denser, the higher is the velocity ; tiius for nieric 
acid, it may be raised from 5000 to 7000 meters per second. 


Tahls 67 . — Strerifjlh and Yclacit rj o/ Explo,'<ian. 
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The sensitiveness of explosives is measured by drop]:>ing a weight 
frenn different heights: tlie greater the height required to cause explosion, 
the less sensitive is the substance. The stability on stora.ge is deier- 
niined by observing time and temperature required to evolve fumes o: 
nitrogen tetroxide t ? and in other ways. Of great imi>ortance is r!ic 

uniformity of a commercial brand, so that results may be calculated 
beforehand, and exactly duplicated by using the same weight of the same 
material. 

Explo.sives intended for use in coal mines in which there is fire-damp 
tmetbane, present, which forms explosive mixtures with air, are 

tested by firing them in a long gallery' resembling a smoke stack laid 
on its side, in which the conditions in the mine are reproduced. Those 
which fail to explode the gas mixtures are placed on the permissible list 
of tiie Bureau of ^lines.^ Such explosives have short flames of short 
dura.tion: their velocity of detonation is about 3000 meters per second.^ 
Their detonation temperature is reduced by a proper choice of ingredi- 
ents, and particularly by the addition of water in the form of crystal 
water of admixed materials; such temperature reduction does not mate- 
rially affect their strength. 

In general the duration of the flame is inversely proportional to the 
temperature of detonation. Secondary flames, due to evolved gases which 
are combustible (CO), are repressed by the addition of alkaline salts. 

1 “EspIosi^’€*s, their iiistory, xnann fact ure, properties and tests,” A. !Marsh.ali, !PhiIade!pr;Ia. 
r. Biakistoti’s Sons & Co., 2d ed., 1932. 

- From "Strength, and velocitj' of detonation of various military explosives,” C. Oope. 

Ind.. jSn-fi. Cherti., 12, 8*0 (1920), and. from p. 307, “Higb. explosiv'es,” by Colver, London, Crosby 
Lockwood. & Sons, 1918. 

® TetrzSr"! is 

2sO« 

CCHs) . MOa 

iN'Oa 

‘'Permissible explosives, Tniiiins; equipment, and apparatus approved prior to January 1, 1923/ 
S- P- Howell, Bur. 3/Enes, Tec/i. Paper Wo. 33S. 
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Duration and lengtli of fiame are rstudied b^" x>hotogra.pny. The follow- 
ing vaiuo.s will indicate the time and size: gunpowder tblaekj, duration 
tniC7 length 110 nim. (for lOO gramsj ; gun-cotton (nitrocellulose 

mixture ? 0.0013 second, 97 rnm. « for the same weight Ainmonium 
id: rate anfi ]:)icric acid show much shorter flames. 

Ti:e pressure developed by the explosion of a nitrocellulose mixture 
in a gun Ciiamber is about 3 tons per square inch. 


Explosivks for W'ar 


exv>losivGS for artillery fall into two chtsses: the pro- 
T-ellant, whicli filis the cartridge and serves to force out the shell with 
a idgh velocity, and the bursting charge, carried by the shell, which shat- 
te!s it after it has traveled a definite distance. For rifles, the cartridge 
euntains the propellant, wdiicli drives out the solid steel bullet. The 
i:and grenade has no propellant; it contains only a bursting charge; it is 
l>ropelled by hand. 

The pro].>elling charge is a mild explosive; its velocity of detonation 
i- relatively kiw; its function i.s to exert a sustained, pressure on the shell, 
forcing it tu take the rifling of the gun bore, and continuing in enVetive 
]uvssiii'e until the sliell is free from the gun. [Xitroceliulose in fiber form 
is a idgh explosive, but gelatinized, so tiiat its surface is greatly reduced, 
it Lecoiiies a mild explosive. Its rate of burning is regulated lurtiier by 
the shape, diameter, length, and perforations of the sticks into wiiicli it 
is huTned; it is the propellant generally used, with or v/ithout certain 
ahiinixtures. For a 3-inch (diameter) sliell, tiie cartridge is about 1 fc^ot 
iiigh, of cold-drawn brass; the shell also is about 1 foot over all. In order 
TO fire the propelling charge, a hammer blow ignites a small fulminate 
cap forming part of the primer, which contains a sizable amount of black 
powder; this explodes in turn, and flashes into the propellant. The primer 
is 1 inch in diameter, and is threaded into the thick base of the cartridge. 
TLc^ .shell is crimped into the cartridge, surmounting it, and the two form 
one piece which, after being filled at the arsenal, is moved about as 
a imit.^" 


The shell may contain onlx^ the high explosive, such as TXT, or TXT 
mixed with ammonium nitrate (Amatol) , or picric acid or its salts ; its 
only function is to travel to the desired point and there be shattered into 
fast-moving fragments vrhich become the actual missiles. The shell may 
contain, besides the bursting charge, somewhat reduced, balls packed 
in rosin or black pow'der; it is then a shrapnel shelL*^ Finally it may con- 
tain instead of the balls, a \var gas.^ The shell is ignited by a fuse whose 


^ yhe rifling of t3ie gun consists of grooves ; trie shell has a band of copper which is w-ider 
than the body of the shell; the soft copper is forced into the wide grooves and' “takes’* the rifling; 
the grooves are curves, and as the shell progresses, it acouires a rotational motion which permits 
a voider and truer trajectory. 


1915, the unfilled 3-inch shell and cartridge sold to a foreign government for $14- 
53 cei hs a pound^ ^ smokeless powder to the government was dropped from 


' Xamed after Uieutenant Shrapnel, the inventor. 
® Chapter 34. 
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leng;tli is adjusted by tlie relative leiis;tlis of a horizontal fuse in a rin- 
v/iiieh may be turned a, pa.rt or all of a eireie. to a canal leading the fiame 
TO a black powder clia.i'ge which in turn flashes the high explosive: the fii-sr 
fuse is ignited automatically as the shell emerges from tlie gun. The shell 
is stCr^el, with a heavy base and often an aluminum nose piece. 

XiTitooKuni ^ r.os k 

The introduction of nitrocellulose as a military ex]>hjsive bc-caiiic 'pos- 
sible only through the labor of the British scientist, Abel, who siunvet: 
that complete removal of impurities vrould permit the production of a 
material with reproducible properties, and relatively safe to handle. 

Cotton waste is cleaned by hand, and carded to a fiufify open mass: 
this is dried by warm air, and the cotton is then cooled in closed boxes, 
to prevent reabsorption of moisture (the moisture content is 1 per cent or 
less). The nitration tvas formerly pcu-formc^d in pound lots, in earthen- 
ware pots, for a peri(3d of 24 hours after a preliminary 3-iniiiute din: 
tli€^ product was then centriiugcal and washed. Tiie nitratityn is now per- 
formed in the centrifugals themselves, so tiiat no transfer is needed in 
order to free tlie nitrated cotton from the excess acid. Still another wav 
is the direct displacement method, in which the acid after action is dis- 
placed by cold water floated on quietly through a ruljber hose, while the 
spent acid is drawn ofi at a corresponding rate from the base of the pan. 
The water forms a separate laycu'; as more is passed in. the cotton lose.s 
adhering acid. 

Tiie composition of the mixed acid for the nitration is not far frum 
tlie following figures: 71 per cent HoSO^, 21 per cent T!XO.-i, 7.5 per cen: 
HoOj and 0.5 per cent HXO 2 impurity. 

In the displacement method. 20 pounds of cotton pe^r pan are nitratv il 
with 650 pounds of mixed acid, which is more than is used in the older 
pot method, but the time is shorter, 21 liours against 24 Iioiirs. The 
nitrated cotton is next boiled with several changes of water for 10 periods, 
which vary from 12 liours Ttlie first) to 2 hours, the last; this boiling wirli 
w’ater replaces the previous practice of using a dilute caustic solution. 
The boiling is followed by shredding and reduction to short lengths of 
nber in a beater engine, as used in paper jolants.^^ After draining, tlie 
w'et pulp is best pressed into short rods which are dried in a warm closet. 
Until shredded in the beater, the cotton retains its original appearance; 
it is somewhat harder, and, unlike the original ma.terial, it is soluble in 
potassium hydroxide solution. 

The standard military powder in the United States requires a nitro- 
cellulose which contains 12.8 per cent nitrogen on analysis, which agrees 
with the formula C 24 H 3 oOio< X 03 )io; the equation is 

® Th.e len-g^th. of tlie horl'Kontal. afijusta.'ble -fiifie controls the time of ‘biaminff before 
hence the distance the shell travels before it bursts. Instead of a time fuse, s</riie shells havis 
T»4^rcussior3. caps, set, off as the shell strikes an obstacle. 

Chapter 21. 
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C,.H4LO:,0-f-l0HXO:.==C:,4H:.,O:3cXO, z -^lOUA ) 
cf 1 1 ti If.f.'ie ti if ni ft. * I a U u h t,<e 

tjj' ft it ran 1 1 u h t.sf: 


The water formed is bound hy tiie ^ulfuric acid pre^^ent and does 


me reaetionP 


In the ])re]>aration of the smokeless powder VV 


i 


not 


file nitrocellu 


lose IS mixed witli alcohol in the first ste?); aiiorher procedure is to treat 
the ]>resse«.l wet from the beatta^s with several ciian^es oi alcohth. 

thus avoiding liie drying oi)eratiun. Ifthc-r is next inciji-porated in 


ing machine with water-cooled jacket; a small ad<lition divjLenyl 


mix- 
imint* 

taRes place cAiso, as a stabilizer. The proportions are: 84 pouneis nitro- 
ctjtton, 26.4 pounds alcohol, 3.6 of water, 48.4 of ether, and 0.3S of diprLeizyl 
amine.-- The soft mass is sieved free from coarse grains, and fo:-cod 
through a die into ruds of various diameters, which are made into lengtiiS, 
as desired, by an automatic cutter. The brown, ch.*a!* jelljr-Iike liiass sr* 
obtained is freed frozn tlic^ solvents, toiler and alceinh, in di*vin5j:-ro4.)nis 


:ip< )i's 


I I i 


liiiteu wirii a:!’ ;s nc*? 


Vi’iiii fiins. Tlit* rt‘(‘o\'tM‘y of the solvt^in 
tilw ny s u 1 i d e it a k e 1 1 . 

Cordite "** is another nitroceliulost* pijwder, which consists ii^ its metdi- 
fied form ^ Cordite IM, If). » of nitrocelluhjse 65 ixciinds, n:t;T)glyeerin 30 
pounds, mineral jelly (soft p>araflin ^ 0.5 pound.. The gelatinizing agent 
is acetone, which may })e ree<jvered from the drying-ia)oni vapors by 
absorption in sodium bisulfite. Thc*re are many otiier smokeless powders 
’Aith nitrocellulose as base, with modified formuias, used by the various 
mitiuns. ZSTitrocellulose itself generates on explosion carbon nionoxitde 
in addition to other gases by the adilition <.)f an oxidizer sueh ias rKi.ras- 
>iiim nitrate, the poisonous and combiistiijk' carb<; 2 i moiioxirle is c'nanged 
to laarmless carbon dioxide. 

Xitrocelliilose i.s used for other purposes than expfiosives; the degree 
of nitration is less, just sufficient to render tiic^ cellulcjse soluble in ether, 
r'or €*xam]>ie. Cotton is not always chosen for Icuver n:ti*areil mate- 

rials: it is often replaced by wood pulp.^"* 


Picric Acio .xxro TXT 

Picric acid, symmetrical trinitropiienol, 1-011-2,4,6- i XO:^ j n . is 

a ^rellow solid with melting point 121 C. It is made by the nitration 
of phenol which has i3reviously been treated with sulfuric acid to form 
plienol disulfonate; to the 50 per cent solution of the suifonated pIienoL 
|:>iaeed in a number of earthenware pots, 65 per cent nitric acid is added 
at a very slow rate. The temperature rises and remains elevated for some 
time because the pots are packed in sand; the reaction proceeds to its 

1 ^ “Xitrated is correct, while ‘^nitrocellulose” is incorrect, hut the distinction Is rutiier 

-".lu-: the rmme is xoo well established in seveml industries ti» Jiiuke ^ chani^*» advisni jIc. 

-- Kirtrsnula, and preparation will be found in. Chapter 27 . 

Tile British standard smokeless powder. 

.4 The complete analysts is: CO 2S.5 per cent; CO« 19.1; OIU 11-2: XO S.S : Xo S.6 ; H:.0 22.0. 

Pro-duets front lower -nitrated cellulose in Chapter 35 . 
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end; after wliieh the pots cool. The picric acid separates in the form of 
yellow crystals; the spent acid is run off, and the crystals washed in large 
volumes of water; filtered; and dried at a moderate temperature. The 
formation of lead x^iorate must be avoided; for it is 5 times more sensitive 
than picric acid. The dried x^icric acid may be Tracked into shells or it 
may be melted with an added substance which lowers the melting point 
considerably; the lower temperature is safer.=*^^ Picric acid may also he 
made by the action of sodium nitrate and sulfuric acid on phenol. 

Trinitrotoluene, TXT, l-CHa-2;4,6- (XOo) 3 . CoHij. has about the saine 
exx^losive xu’OT^erties as picric acid, but x^ossesses a lower melting point 
i SM C.) , and is free of acid prox^erties; this is an important advantage, 
since dangerous metallic derivatives cannot form. The nitration is per- 
formed in three steps, in a steel vessel with coils. First the liciuid iiiono- 
nitrotoluene is made by using a mixture of 93 per cent H 0 SO 4 (3 x:)aris ^ 
and 75 per cent HXO 3 (2 x^arts) ; the spent acid is removed; and a mixture 
of 93 per cent H:»S 04 and So per cent HXO 3 added; with heat and stirring: 
dinitrotoluene forms as an ux'>i^er layer. On cooling, it solidifies to a pale 
yellow mass. The final steps consist of dissolving tlie dinitrotoluol ? I 
X)artj in 93 or 95 i>er cent H 0 SO 4 (4 parts j and 90 i>er cent HXO 3 s,!^ 
parts), with cooling at first, later with heating at 90^ C., until the evolu- 
tion of gas stoics (3 hours) . The solid is washed and recrystallized from 
alcohol, giving i^ale yellow crystals. The yield is SO per cent. By means 
of additions and the ax 3 i)lication of i:>ressure a mass resembling the nitro- 
cellulose jelly may be I'jrepared. The advantage of nitrating in steps is 
tiiat the waste acid of one stex^ serves as the nitrating a.cid of the pre- 
ceding stc]). On detonating, some free carbon is formed, causing a black 
cluiid.^" 

Ammonium nitrate is mixed with TXT in order to louver the cosi. 
also as an oxidizer: by itself it can be detonated only with difSculty, but 
mixed with TXT, the mixture is stronger than i^ure TXT, and is easily 
detonated- Ammonium nitrate is made by^ adding sodium nitrate to a 
hot solution of ammonium sulfate; sodium sulfate sex^arates out, for the 
greater part ; the ammonium nitrate is crystallized from the slightly 
diluted liquor. 

2XaXO:i 4- (XH:4)430.= Xa^^SO^ 4- 2 XB 4 XO 3 . 

Ammonium nitrate is also made from odds and ends of nitric acid by 
neutralizing with ammonia. 

Potassium chlorate, KCIO 3 , and perchlorate, KCIO 4 , form the basis 
of some high ext^losives, usually containing 75 per cent chlorate, 15 per- 
cent dinitronaphthalene, some other suitable nitro derivative, and 6 per 
cent castor oil to reduce the sensitiveness to a safe limit. 

Xitrogyianidine, XHo • C: (XH) - XH - XO 2 , obtained, for example, by 
dissolving guanidine nitrate in concentrated sulfuric acid, and then dilut- 

One part picric acid and 1 part nitroxiaptlialene mbeed melt at 49®* C. 

Xh.e complete analysis is : GO 3 3.7 per cent ; CO 70 ; 20 ; Sa 1.7 ; C 4. 

ss "Effecting and controUlng crvstallis'ation of ammonium nitrate,** J. Esten BcJllng, 

Met. Ena., 20 , 401 (,1919}, 
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.r. been Urrcd as an explosive. A Cashless powder (reported by Giiiaj 
^:;.tained 50 per cent ammonium perchlorate, 40 per cent nitroeuaniriinCj 
nd 10 per cent pitcln There are countless other explosive mixtures, tvith 
variety of names, and many of them r^atented. 

Tiie ]iropeIiant chargee of the cartridge is dettmated by means of a 
L !:si:i%'e mixture, such as So per cent fuiiriinate of mercury, 
nd 15 per cent potassiuni ehiorate, with or without powdered glass; 
dbrdte may also be added. In the 3-inch shell and in iarge-r sizes, the 
ahninate cap flashes into the main priming charge, black powder, tvhich 
■ turn ignites the propellant. The fulminate is made by disst:)lving nier- 
iiry in 60 per cent HXO-, a.iid adding alcoiiol to the solution: the fiil- 
:iria":e forms with heat evolution, and separates as a gray powder, which 
;ust be washed and dried at a low tenipei*atiire. Fuliniiiate is as seaisitive 
s pur€f nitroglycerin, twice as sensitive as nitrocellulose, and 11 times as 
L-nsitive as t5sT. 

I.ead azide is made from sodium azide: the hitter is formed when 
:r.rm:s oxide is nassed over sodamidc. 


XaXIT -i Xy > = X.iX i - 
2X:.lXo -rPh(XO;.)« = Ph(X ::):2 


i- 2XLlXe.t: 


Lea«:l azide is iialf as sensitive as fulminate. 


IxDCSTiuAL Kxpnosivns 

The exi^iosives used for peace-time purposes, the iii<lustrial exrdosives, 
are chiefly dynamite, a high explosive, black powder, a mild explosive, 
and mixed explosives, such as the ammonium nitrate mixtures. 

To tiiose might be added nitrostarcli, a slightly yellow powder, made 
Iw nitrating starch with mixed acid.-^ Tiquid oxygen %vith charcoal 
IS also an industrial explosive. The characteristics of the r^erniissible 
explosives have been given in the introductory pa.ragraphs. 

In 1922, there were manufactured and used in the Lhiited States 
431.772,077 pounds of explosives, of which 39 per cent v/as black blast- 
ing powder, 48 per cent high explosives, and 11 per cent permissible 
explosives--; in 1920, the corresponding percentages-*^ were 47, 43, and 
10. The mining industries consume about 75 per cent of the explosives 
produced; coal mining requires about 80 per cent of the black powder and 
permissible explosives. 

Kitro glycerin and Dynamites. XTitroglycerin is made b^v' nitrating 
glycerin; by itself it is too sensitive; it was in an effort to reduce its 
sensitiveness that ISTobel discovered dynamite, a solid, made by absorbing 
the liquid nitroglycerin in kieselguhr, a diatomaceous earth. Since then, 

’^Example: Ammonium nitmle 60 per cent, TN'T 15 per cent, aluminum powder IS p^er cent, 
7 per cent. 

Jlftntrs Bun. WTo. 219, 88 C1923). 

“Liquid oxygen explosives/' G. St. J. Perrot and NT. A. Toleh, Bur. Mines Bull. ISTo- 349 (1932). 

Bur. Mine's Tech. JPaper Wo. 291. 

Bur. Mines Tech. Paper Wo. 340. 
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Other fillerrf have been developed; in America, the dynamites do not con- 
tain kieselguiir, but mainly Vv'ood meal, with sodium nitrate addition. The 
strength of the dynamite depends mainly on the content of nitroglycerin ; 
75 per cent is the higliest, other grades have 20, 40. and 60 per cc^riT. 
Special grades are made to sx^ecificatioiis. The eficct of the wood meal 
tor kieselguhr) is to cusiiion the dynamite, so that ordinary transporta- 
tion shocks do not disturb it; it is packed in parchment pa.per “cart- 
ridges,'" not in metal boxes, for the same reason. The cartridges are packed 
in sawdust in wooden boxes, and one of these boxes dropped from a lieifthr. 
on rocks bclo\v will not exiilode. 

A very pure grade of glycerin is used. The composition of ti:e 
nitrating acid, of the spent acid, and tiie proportions taken are shown 
in the table below: 

For each 100 pounds of glycerin, there are taken and obtaincfi: 


480 

HXOr: 273 

H..O 47 



Xitrat 

hi.:? 

po* uihs. 

60 '" < 

of 

poT ind.-. 

34 ^; 

of 

por^nds. 

6^4 

of 


Acifi 

iiitrutiiiir m-iil 
thf' nitratintr ac'if'i 
the Ultra tins? acid 


Speiit Acid 

4SO r » Oil rids 73 .o 7^ 
67 .6 poll nds 1 0 .S'" ^ 
105.7 i » omit is I6.2'~> 


Tlie recovcM'y is 220 n<jun<is of nitroglycerin, of the 246.7 pounds ?)os>:i.»Ie. 
The reaction is: 


Chfl-.niH);: -1- SmXiX = XiJ;;);; "f- 31bO; 


it is performed in a lead tank with numerous cooling coils, a sloiuiig bot- 
tom, and a conical top with side outlet. Cocks are avoided, as their opc-ra- 
tion has caused accidents in the past; the nitrated product which floats 
on the acid is lifted by feeding in more acid, till it overflow's at the sific 
outlet of the conical top. Some acid is put in first, then some glycerin ann 
the TWO stirredi by a current of compressed air; gradua.lly more of bc^tl: 
are fed in; cold water in tiie coils, m^iintains tlie temperature below 23 C. 
The product is wasla^fi in' a lead tank with several changes of water, iw 
means of air agitation: next it is washed vritli soda ash solution, and agair: 
witli Witter: finally it is run through a mat of sx^onges to remove w'atcr 
dro]^Iets and is then ready to be mixed \vith the wood meal or kieselguhr. 
Tiie charge per nitraior varies, but may be as high as 750 pounds per 
batch: the time for each cycle is about 4 hours. 

The ST'Jcnt a.eid must be diluted slightly to prevent after-nitration of 
glycerin remaining in solution. 

The dynamite is made in small batches; the tvood meal and sodium 
nitrate are wedglied into rubber bags and to each, the weighed amount 
of nitroglycerin is added and mixed by hand. The mixture is sieved and 
X:>acked into the parchmentized j^aper by an automatic filling machine. 
Wood meal dynamite is yellow (kieselguhr dynamite also), and looks 
slightly w^et- 

A dynamite cartridge may be fired by an electrical spark, passed into 
a copper detonating cax:> which is slipped into the paper covering; the 


Chapter 32. 
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-park explodes a priming mixture bead similar to a match head: this in 
■ iin s'Xpa’xies a siiiail store oi lulmiiiiito m the r*« 5 pj)er ca]>rrule. which then 
-its Oil :ht‘ dy iiaiiiite. 

IS^itrogiyccnii soiiciities at 13 ‘ O.. and irozen nitrogiyceriri is diiHciiit 
TO expi'Ode, winie tiie o|ieratiOR oi tiiawing it, with I^apiiazard equip mein, 

dangerous. A non-freezable dynamite is liierefore made by mixing 
20 parts oi glycerin dinitromoiiochloro]:y<irin.-^ which remains '^lirmid at 
— 30 C., with SO parts of nitrogIyf*erin. 

Recently ethylene glycol, CH:,( >il . >11, made from ethyleiu-, 

has been nitrated on tiie large scale and successi'iiily iiitr-oduced 
h: iht* explosive industry i Chapter* 25 d 

Black Powder. Black i>ow<lc*r. cahed gunpowder, is no iouaer 

The ni];Iiiai‘\ propt'* h a 1 i t , loi* it is t<)o wtmit, and it Ut/'v’{.'l 4 ;ns li clfuri <.)! 
-znohe: its ]jia>ducts ol decomposition are 44 jier cent gaseta.is :;.nd 5G 
:...er cent finely divided solids.-** It is iiiciinly an indust rial explosive now. 
for coal mining ])articiilarly, but it still 2 *enders service in military expio- 
-ives: in the ])ri!ners f<ir ra]>id-firing iirtillery aioi navy gums, as d;e 
ii.rermetiiatc explosive ]jc‘tw(*en the fuhninat<* and the main ?*;aLru:^' of 
-i.iokeless p<nvde!u in the idgli-t^xplosive shells as ri:ne fu.sta and in tht* 
>iu'a])ia*l shell. In coal mining it is tiie main cimrge, znnl aiso fo:*:os the 
core of tlui fuse. 

Biaciv ]>o\vdt*r ol standarci cc jnip« j.^ition contains 75 oer C'em p*ormss:um 
nitrate, 15 i>er (*eni cliart'oal, and 10 per c*ei:t sulfur: in hnli^.-d Sta*e'^, 
sv.vllniii nitrate is substiliiteii for tiie salt, in about tia* saint- 

percentage. Tia^ three ingredients are powdta*ed sis >arately , t’neu mixed 
ti^g^'^her in an €‘dge i*uniita*,“" with the addition of littie water: t:.e 
'mass is liO-Xt comj>ressed, granulated, ziiui sie\aNh The blastlnu’ c:;.rr ridiae 
is a single cylindrical piece formed by prt^ssing, with o^ne pe:*ft fi-at ion t ii: 
ti:e long axis'). 

Tiiere vrere nrodiice<i in 1935: 


IDyriamite 

Pcniiissibio oxi^losivo:^ 

Xitroglycerin 

Blasting powder 

Pellet powder 

Oanpowder, black, and .sniokelc^ss . 


Pounds 

337.97S.213 

47,990.826 

2.4S3252 

35,153,125 

31.467,150 

2S.2i5.211 


Othkr Patex-ts 

1 .S49.356. an explosive nitrooelluloso grain surface treated with terrariiTroanilinc- ; 
1.775.271, a nitroglycerin cell, container for charge in shootinii: wells; 1,S14,9S0, 
gianufactiire of TXT ; l.S68,3SS. on diethylglycol dinirrato (A. Hough ) ; 1.S2S.7SS. 
irnTiroved explo.sives of the dynamite and gelatin type?; 1,820.567-8, explosives con- 
sisting of sodium chlorate, sodium nitrate, TXT, ortho-nitroroluene and sawdust ; 
1,819,457, process of making a colloidal starch exi^losivc^. 

T' - CII(XO;0 - OJrlsCN'O-i), made "by nitrating glycerin monocliloroliydrin, CrT^>C'l . OidtOIi) 
■ Cm^t OH}. 

, *P2ie solids are K^COs or Xa^COs about 60 per cent; sulfate about 15 per cent; suiiide about 
A-i per cent; and sulfur. 

-• Chapter 44. 
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the World War, chemicals ircrc cxtefisivcly u.^rd for the first 
to incapacitate or harass troops and to form screens for inasJcing 
ynor€m.cnts and operations. F^rof ectfon frotvi these chemicals was 
nrd also oy the use ot cheinicals. ^4 furrthrr protection against cheyni- 
ifi trarfcire: -is tne xirifieTstri,riding of them, for yyian fears y/iost that 
i i:s m p."' t e ri o us to huri. II line cp.iantities of these zrar chemicals arc 
red lor efjectii'c m ditar ij opei'affoni^ so that largr-scalc facilit ics for 
rna niijactiire ynust be maiyifained in j/cace thne, just as nlanfs and 
sKifts are maintarned jor the fyiariufctcfure of guns and e.vnlosives. 
more i m jfCO'ta nt tnan physical eciuipment , however , is detailed infor- 
'Ui coyecern-sng tne y/iost efficient ynethods for the mnniifacture of the 
red cncinicals, and the training of ynen to Icnoir and use the in in- 


Chapter 34 

Chemical Factors Other than Explosives 

in ^Varfare* 


The li.se of poit^ori by the Oerniaii tiviiiy iit \'pvvs on A|:iril 22, 

2 915. marked a new era in iiiodern warfare. The popular opinion is tiiat 
this form of warfare was original witli the Germans: such, however, is nor 
riiC case. In mihler form, chemicals have been used in waz'fare for manv 
cciiruries. Th.e first recorded effort to overcome an eneiiiy by the gcn- 
f ration of poisonous and suifocating gases seems to have been in the 
wars of the Athenians and Spartans — ^04 13. C. j when tlic latter 

besieged the cities of Piatea and Bclium. The attackers saturated wood 
with pitch and sulfur an<I burned it under the walls of these cities in the 
2:o|>e of choking the defenders and rendering the assa.ult less difSeuIt. 
>imiiar uses of choking and poisonous gases are recorde<i in the liistory 
of the ZNIiddle Ages. 

In the attack of April 22, 1915, the German army made use of clilo- 
rme <iischargcd from stationaiw steel cylinders j the cloud of chlorine gas 
was carried along by tiie wind. It was found that a cloth bandage steeped 
III sodium thiosulfate (hypo^), and wrapped over the nose and iiioutk. 
g-ave fair protection against chlorine. These bandages do not protect 
the eyes, so that when the enemy sent over tear gases or lachrymators 
in snells, much damage tvas done. The lachrymators are used in shells 
because they are licmids at ordinary temperature and do not pass into 
vapor form rapidly enough to be used in cylinders. In chemical warfare 
parlance the word gas is used in a broad sense, and denotes any substance, 
solid, liquid, or gas, which is dispersed in the air and which irritates the 
lungs, eyes, or skin. Protection against tear gases was given by hoods 

... * In collaboration with Major-General Amos A. Fries, IJ. S. A., former Chief of Chemical 

•> a., fare eerviee, Vt ashmgx.on, JO. C. 

^ Cliapter 4. 
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with eye-pieces; tlie hoods could be impregnated with suitable ciicniicals: 
later, regular masks wore developed. 

Tiie gas used by the German army from April to June, 1915. wa.-r 
commercial chlorine, but in December of that year, a mixture of ehhi- 
rine and phosgene was introduced. Phosgene is seven times as toxic a< 
chlorine, is harder to neutralize, and has a delayed action which make< 
it still more effective. To absorb phosgene, the British hoods and the 
first French masks were impregnated with a solution of sodium phenolate 
and hexamethylenetetramine. The British changed after a time from 
the hood or lielmet, as it was called, to an impervious mask with a hox 
resi'sirator (canister) attached. 

The next development in the offc^iise was the use of cliloropicrin in 
siitdis which scattered tlicir lifpiid charge^ by the explosion of the “bfjoster.*' 
C.'hh)ronicrin, CCdl,; . fSr< )-. is a lifjuifi boiling at 112"^ C., inucli less toxic 
than phosgene, but distinctly lachrymatory. It causes vomiting; ihi> 
effect make^s it difficult for the soldier to keep on his mask. 

In JuK^ 1917, tile German army began using mustard gas, a 
boiling at 219.5' to 22S' C,, which attacks the skin as well as the lungs 
and eyes, causing bad ]>urns wiiicli inay incapacitate a soldier for a num- 
ber of weeks. While the mask protects the face satisfactorily , the prob- 
lem of i^rotecting the whole l>ody is a serious one. S}>ecial ointrnenTs aroi 
special clothing were devised at once, but were not really satisfactoz-y a: 
the time the armistice was signed. 

Another type of clieinical agent of importance in warfare is the so-calleu 
sneeze gas, flipheiiylehloroarsine. This is a higli-melting solid which :> 
(iisperserl as a very fine smoke or dust by means of high explosives. In 
order to prciteet satisfactorily against this toxic smoke, special nlterinj 
ttads ai'c eniploycd. 

It was also fouiifi that toxic smokes ccjuid be more effectively flis- 
]’)ersefi by lieat: this is accomplished by mixing substances such as 
diplienylchlm-oarsiizc^ with smokeless powder and igniting with suitaVhe 
starting and match-head compositions. 


Cn.\ssiFicAXiox 

The varioiis chemical agents employed for the production of casual- 
ties may be classified according to their physical properties, their tactical 
use, or their physiological effects. It has already been stated that chemi- 
cal warfare agents may be solids, liemids, or gases at ordinary temperature. 
Depending upon physical condition and physical constants, particularly 
the vapor pressure, chemical warfare materials are also classified as per- 
sistent and non-persistent. Gases in general are non-persistent, while 
liquids and solids are apt to be persistent, due to slow volatilization. Thus 
chlorine and phosgene are non-persistent, due to quick volatilization, 
while cliloropicrin, a liquid even at summer temperatures, is more per- 
sistent. Alustard gas has a still higher boiling point and is highly per- 
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tei::, whiie the solirl Srub<tance chloruacetophenene will perr^ir^t f(.ir week:^ 
iT:uiit;:s. :SoIids that liave become vaporized as smokes behave like 
-es and are relatively mni-persistent. 

Xtie tactical use oi ciic*oiicaI warfare materials is largely governed 
this prc^perry of persistency. Thus non-persisterir chemical agents siici^ 
p:husgene are employed against positions to be attacked shortly after- 
ms. wn Coreas persistent clieimcal agcmts such as iiiustaixl 2 :as are 


lived to harass the enemy or to reiiclen' positions 
The chemical agents are elassifiefl physiologically 


untenable, 
as follows: 


‘ ^ Agents which i.rohwcc thfhr f=iToer^: throosrli irihahoiriri : 

' 3- 5 A.'t >ii T s ;irid rr ‘sonstt oi’V imhiiits ris zj: *1.-^* :.t r* i 

( 2 ; Xiiiisoitf inji: jrasr-s : j3iT»hr*iiyiiiminerhIoroa7-.'i:if-. or chlcror-icrin. 
h? L;i?*hi-y:ii;0 ors or t r.;ir : Broriiol i^-^nzyl-cyM ni? lo or chhiro^ic* - to; lif ri^jnr 

o ; \'f -i.virHs f)r .-kin-r)]i>i< rintr agents; Aliisiim: g;js. 


Ill many instances a single chemi(‘al agent may Ik* caipable o: m’e*- 
dueing a number of different physiological effects ; tiuis. iiiustard aas is 
classcti hotli as an irritant and as a vesicant ; to some extent it is also 
ti lacnrymai* tr, a.s ai‘o most of the choiiiical agents wrdcli na'Of.Iuc^? rhiivsi'a- 
1 ( ‘ a i f. * a 1 e f f o c r s . 


T.\ni.i: GS. — Cdstuilt {/-I 

B. pt. 

Oh»'ii! A^<*iit = O. 

C'h'oi-inf' — 33.(3 

Piio-gpiit* (CtKlLo 8.2 

r izloropicrin ( C( i 1 12.0 

>;:t-erphlito (CC1;;C"( )Ctl ) 12.S 

Minstard gas (CUJCl .CHP.S.. 219.5 

Lr-wisite fCHCI: CPTAsCb) 190 

HiTHnoacctoiio (C.TI-BrC^(.)C' H.O 126 

Hr: f!nobr-nz’v’I-c*v inidf» 

' CAB,.CHBrC X ) 242 

Cliioroa. {“oi ojihonono 

c CeH, -CO . 247 

L’> i ? f h r^ny I oh 1 or o a r si n o 

f AsCi 383 


rtf//ifrh/f/ (’/if .1 cl---. 


I^i;y>-icr.tl 

Pi: - L:i ■■■ ' 


Alf^rhr-ri of 

State 

.-\cri-.r: * 


Proiection 

Oas 

I .ri 

CAIi- 

. i^.-rs 


Liii 

Cvifn 


Uiquiti 

ri.rcr.o 

s};. y I 


I.iquid 

l.ri 

Siirdl 


kiqiiid 

i.ri.v 

Shn'I, 

hoznbs 

I.iqiiifi 

i.ri.v 

Sh^^Ii 


Biquid 

hi ph.t- 

Shr-I!, 

hoi::}- 

Jdqriid 

ia ch 

Siifil, 

js 

Solid 

lach 

Sli r- 1 .1 . 

candh--. Cireiiaiirf^ 

Solid 

i.4 ' 

Cki n f'i Ir* .>h 4- 1 1 


* h~ iPthnl, ri -- respiratory irritant, i 
— iachrymator. 


irritant; e — oiriotic- 


gas, t* ■ ■ vesi^’ant. 


Table 68 lists the more important ehemical aprenTS employed in the 
oriel War for the production of casualties and also pives for each some 
ot the physical properties, physiological effects, and the typo of container 
(she]] or bombs] used for their dispersion. It will be noted that all of 
tiiC chemical agents listed contain either chlorine or bromine, so that it 
appears probable that one or more halogen atoms are necessarv in casualt-v'- 
producing chemical agents.- Practically all these chemical agents can 
be loaded into steel projectors or containers without danger of corrosion, 
except the bromine compounds, which attack steel ; shells lined with lead 
or enamel must then be used. It was to avoid the special lining that a 


+ 11 aeid gas, or hydragoii cyanide, HOf, is an exception; 

-n +n€> tieiti, iiowever, because it dissipateid too rapidly. 


it was not found, effective 




Ficjuiie 183.— Two fioroplaiK's hyyhvr ^ smoko curljiin around a hojiilmij; tarj:!:('(i. ((k)ur(oHy of iJio IT. 8. Army Air Cku'p.s.) 
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-uhable ^iibr^tiiute for broiiiobenzyl-cyanide was sought. As a result of 
'hiis search, chloroaeetophenoiie was discovered; it does not attack steel 
t^nd is as efieetive a lachryinator as bromobenzylcyanide. 

Medical Aspects. All of the casualty-producing clieinicai agents 
are lethal in sufiicieiitly high concentrations, but it is difficult to reach 
-ueh high concentrations in the open; many of tliem. liowever, produce 
light casualties in very low concentrations and it is for tiiis reason tiiat 
chemical agents have been found to be so effective in warfare. That 
:he easiialties are mainly light is clearly brought out by the report of 
the Surgeon General of the United States Army in 1920, which shows 
tiiat 27.3 per cent of all the United States Army casualties during the 
World War were gas casualties, but ail excerpt 2 per cent of these w’ere 
temporary casualties and recovered. On tiie other Imnd, apra’oximately 
25 per cent of all casualties produced by weapons other than gas, failed 
tu recover. It follows that a man who was injureel by g^is had twelve 
times as many chances for i*eeovery as the man who had been injured 
by siieli fire, bullet, or bayonet. 


The cheiiiica„ls used in chemical warfare injure by direct irritant and 
burniiig action to the skin and mucous membranes with wldcli tiiey come 
in contact. Such chemicals are ]>owerful germicides and as a result, the 
wound is sterile. Some of the warfare chemicals have a pronounced irri- 
tant action on the mucous membrane of the upper respiratory tract, yet 
have little^ effect on the lungs proper. <‘>tiiers have only a ligi.t irritant 
action on the re^spiratory tract, but have a strong burning enect on tiie 
lungs; wliile still others possess irritant aiid burning properties in nearly 
equal degree. For tliese reasons, contrary to wide-spread belief, there 
are few after-effects among those wounded by gas or chemicals, provided 
they had ordinary body resistance. 


Smoice Screexs 

In addition to the production of casualties, chemical agents were also 
extensively employed for producing smoke screens, incendiary effects, and 
in gas-mask canisters for the absorption of the casualty-producing agents. 

The most effective smoke-producing chemical is white phosphorus 
which ignites spontaneously in contact with air, producing a dense w’hite 
smoke. Phosphorus for this purpose is used in shells, grenades, or bombs. 
Otiier important smoke-producing materials are sulfur trioxide in the 
form of oleum, stannic chloride, and titanium tetrachloride; these three 
chemical agents produce white smoke as a result of contact with the mois- 
ture in the atmosphere. They were employed in shells and grenades. 
Since the war titanium tetrachloride has come into extensive use for 
the production of screening smokes sprinkled from aeroplanes. The other 
important smoke materials w^ere the zinc-containing mixtures which were 
used in a smoke box, in smoke candles and in certain of the smoke gren- 
ades. One such mixture has the composition: 
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Zinc - 34.6 per cent 

Ci’arbon tetrachloride 40. S 

Sodium chlorate 9.3 

Ainmoninm chloride 7.0 

IMasnosiuiii carbonate S.3 


This mixture when ignited produces a light gray smoke of high obscuring; 
l)ower. A smoke box may be dropped btdiiml a fleeing vessel, and burns 
for 9 minutes. 

Various ciieinicals were canployed during tlie war as incendiaries 
chiefly in the form of aeroplane bombs; one type contained thermite, 
a mixture of aluminuni powder and iron oxide, surrounded by oil set to 
a jelly with a small amount of soap; another type contained white plius- 
]>liorus iCha}3ter 7) in fuel oil, whieli provides for spontaneous coiiiijustion 
on contact with air. 

The chemicals employed in the gas-mask canister are charcoal and 
soda lime. The eliarcoal is an especially activated product ]>repared from 
nut sliells. It absorbs |jraeticaily all gases to some extent but is si^ecially 
active in the absori>tion of the vapoi*s from licp.iids; it acts eatalyticaiiy 
also, thus for pftiosgene wiiicli is decomposed by water vapor at a slow 
rate ordinarihc, tiie speed is increased so tliat the phosgene is destroyed as 
fast as it enters. The liarinless substances carbon dioxides and hydrogen 
(‘hloride iire forinedi, and these are <a>inpielely al^sorbed by a layer uf 
siiecial soda-lime. 

COCh - aj) = C< a T 2HCd. 

Sotiiuiii permanganate or some other oxidizer is also present in the can- 
ister, as well as cotton wool or ]>ai3er pulp for filtering out dusts. 

-Must <ji the chemical warfare agents were known prior to the World 
Mdir, but many of tlieiii had been made in the laljoi*atory only, in small 
lots. iManufaeturing processes had to be developed and plants erected 
under war ].>ressure. The manufacture of gas-masks with canisters was 
an even more pressing matter, lor without them the men in the trenches 
were lieipless against the new weapon. The task tvas so well accomplished 
that when the war ended, the allies had a decided advantage in materials 
for offense- as well as defense.*" 

Processes oe jMAzxxjFACxirRE 

Phosg€:nc is made by the catalytic combination of carbon monoxide, 
CO, and chlorine. 

The catalyzer consists of carbon granules, and acts in two stages. A 
first iron box, 8 feet long, 2 feet 9 inches deep, and 11 inches wide, is set 
in cold water; in this box the conversion takes place to the extent of 
80 per cent. A second box, to which the gas from the first box passes, 
is surrounded by hot water, and here the conversion is completed. The 
reaction is: CO -f- Clo = COClo, phosgene. The finished material in gas 
form is dried by means of sulfuric acid towers, and is liquefied by passing 

® \IoRt of tlie cliemists for thie Chemical Warfare Service "were university professors and 
instructors. 
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it lead laici in brine.'^ Ti:e liquid phc»sgene i> run into iron 

]^rGviou?=Iy evacuared and ctjoleri. Yroiri these ir may later be 
rtr: intr; -hells cooled to — 20 C. ; the filling siaticnis for this purpose tire 
-ituated under hoods with fans, so that the escaping gas is drawn away 
::!:d disr-hiirged into the atiiiOspliere. f>r destroyc^d in scrubhiim t<jv\'ers. 

Pi-osgeiic is also a coininerciai ciieniical ; ir is used in ^n*gan:c reaetituis. 
M ii^^rard gar<i, dich lorodiethylsulfide, Cli-Cd . Cll-j . . Cfiiu; . CH-Ch is 

made by iiassing ethyle^nc, C-Hi. intr.) sulfur iium<yrhU)ri(lcr. S-CI-: 


2C:.Hi -T fCM^C! .C1U._> 


The:“e is f<n*!ne?i at tlie same time free ^suliur, as indicatc^d in the ef£:uLrion. 
am: the removal of this sulfur caused much fiifficulty umii it was found 
duit rw running the reactimi at 30' Ch, of the sulfur n-niained h: 

et.ehnrial Si.jkiti(5n, and need not be scparareri at all. Tiie prudufU eo::tai::- 
h-g c'oi'oi«dal sulfur is nearly, if not quite, as acuive as pure n:u-t:ird ua-. 

Ktiiyle’ie for such emergencies is preparerl by passing ah*^■h^d in tuipiu’ 
:nriii ov(‘r kaolin heiitefi to 500 or fi00~ (h: lhdi-(d! -- 

Sulfu!' chioi'iflc' is ma^ie in cy lim'irica! steel tanks hdd on ri::eir sidr s : 
batci; of sulfur is ])Iaced in tiie tank, inelted by t!:e applic*m: :o!i of rrru- 
>:de heat, and <iry cdilorine passed in. As tlie reaction proc^-rds, 2S — 
l.'b* = S-Cdo, lieiit is evolved, and the tank must be c(ioIc ci j spra>’ 

water. Alter all tlie sulfur is converted, the sulfur c:il(jri(i(e 
with a characteristic odor, is run off and anotiier batch startedi. 

The sulfur cliloi-ide and ethylene a.ro combined in tiiC r>resc'!:ce o: 
tiii’di gas from a ]>revioiis batcii, winch acts as a solvent, in tlie Tevi: 
reactor *Englisiij- Tlie T^roduct is run to settliiut tanks, where a 




amount of sulfur and sludge settles out: the supernatant li'pjid is 
vf/llow, and is ready for sliell filling without furtlier treat iiient. 
mcistsird gas is a solid winch melts at 13' Ch ; the profiuct macie as dost 
Ci’iitiiins impurities wiiichi Icrwcu' the meltine: point. 

( ’/iiO?'op/rriN . In or<ier to inanufact urc? cfdorc >pic!'i 2 ;, 

>U‘am is I'jassed through a mixture of calciuni pit*raTe and blc-acifiiiir 


IS te m 
small 

Purt- 
*r: : k/' 1 


Nh q,, 
l^ow- 

der. Tiic calcium picrate is made by neutralizing picric acid dh'luipter 
33? vvdih lime. 


Bromohenzifl-ci/ayiidc. The most effective lachrymaror is lu'oijaiily 
hromobenzyi-cyanidc, Ct;ITr» . CliBr . CX, a liquid at siiinitier leinpserattire. 

The rnanufacttire consists of tiie following steps: Benzyl ehloritle, 
. CII:> . Cl, made by chlorinating toluene at 100^ C., is mixed with 
an equal volume of 50 per cent alcohol, and treated with sodium cyanide; 
sodium chloride and benz^^l cyanide, CgH,-, . CH^ . CX. form. The cyanide 
is subjected to fractional distillation and the fraction boiling witliin 3 
degrees of the boiling point f231-7“ C.) is treated wdth bromine va|ior 
mixed with air; the reaction is catalyzed by a small amount of bromo- 
benzyl-cyanide from a previous batch. The product obtained is freed 
of the hydrogen bromide formed at the same time by a stream of air. 


* By a sliglit excess of carbon rnonoxide, practically all tiie cbloririe is matie to react ; 

tne excess carbon monoxide does not liquefy and is vented at tbe disebarge point. 
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and is then sufficiently pure for use as a lachrymator. It has a lo^v 
vapor pressure and thus is highly persistent. 

Chloroacetophenoney C«IIr, - CO . CHoCl, a solid, as effective a tear 
gas as bromobenzyl-cyanidoj is produced from acetic acid, chlorine, and 
benzene. Acetic acid is chlorinated to form monochloroacetic aeiri. 
CHoCl.COOH; this compound is then treated with chlorine and sulfur 
monochloride to form chloroacetylchloride, CH^Cl ■ CO • CL The final 
step is the treatment of chloroacetylchloride with benzene in the pres- 
ence of aluminum chloride to form chloroacetophenone. 

Leivisite ^ is a vesicant similar to mustard gas. The process for its 
manufacture was not developed in time for use during the 'World War. 
Acetylene is bubbled through a mixture of anhydrous arsenic trichloride 
and aluminum chloride; absorption is rapid and much heat is developed. 
The reaction produces a heavy liquid consisting of three main fractions: 
the lower boiling one is Lewisite, a faintly yellow liquid, with composi- 
tion CHCl; CH . AsCloj chlorovinyldichloroarsine. 

JDJphcnylchloroarsuie^ the sneeze gas applied in the form of atomized 
solid, is made from diazotized aniline and sodium arsenite; numerous reac- 
tions are involved.^ 


ClIKMICAU AbSORBEXTS 

The clicmical absorbents employed in the gas-mask canister f<ir 
eliminating casualty-producing agents were soda-lime and charcoal; spe- 
cial processes for their production were developed during the war. Por 
the production of suitable soda-lime, the method consists of making a 
plastic mass of lime, cement, kieselgulir, caustic soda, and water, spread- 
ing it in slabs on wire-bottomed trays, allowing it to set two or three 
days under carefully-controlled conditions, drying, grinding, and screen- 
ing to 8- to 14-inch mesh, and finally spraying with a solution of sodium 


permanganate with a specially designed spray nozzle. A representative 

composition of such soda-lime would be: 

Ber cent 

Hydrated lime, Ca(OII):: .55 

Portland cement . 17 

Ivieselguhr 7.2 

Sodium hydroxide, l!saOH 1.2 

Sodium permanganate, lSra]Mn04 3.8 

^Moisture 15.7 


The lime is tlie essential constituent for absorption. The cement renders 
the granules hard so that they do not form dust while the canister is in 
ser\uce; such dust would soon clog the canister. The loss in absorptive 
capacity due to the presence of the cement is in part counterbalanced by 
the introduction of the bulky kieselguhr. Sodium hydroxide increases 
the activity of the granules, and serves also to maintain the proper mois- 
ture content. This moisture content is very important in order to secure 

® Oreen and. Brice, J. Chem. Soc., 119, 44S (1921>- Bewisite is named after Brofessor W. Lee 
Lewis of N'orth. western University. 

® “Chemical warfare,” Fries and TVest, York:, ^IcGraw — Hill Booh Co., 1921, p. 183, and 

J. N'orris, Ind. Eng. Chem., 11, S2o (1919>. 
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■::iiixlinu 2 n g;as absorption. Tiie function of the permanganate is to oxidize 
arsine and similar compounds. 

The ehareoai was made by carbonizing coconut shells, and for lack 
i.d suihcient coconut shells, by carbonizing fruit pits, walnut shells, hard 
■wood, spruce, and even anthracite. The ciiareoal found most efheient 
in absorption was coconut charcoal, the efficiency of the others varying 
in the order given, but all charcoals become useful, rapid absorbe^rs only 
after activation by a steam, or steam and air treatirient. Tl^e prepara- 
tion of an activated charcoal, tlien, involves two ste-ps : The lormaiion 
of a r)orous amorphous base ca.rbon at a relatively low temperature, fol- 
lowtni by tiie removal of adsorbed iiydrocarlxms from the primary car- 
loon. thereby increasing its porosity. Tiie first step presents no serious 
dimciilties since it simi^ly involves a distillation at relatively low tem- 
perature. The second step is a much more difficult matter. The pro- 
cedure which lias yielded best results is to remove the adsorbed hydro- 
carbons by combined oxidation and distillation involving sreairi alone, 
ur sreiun and air; the hydrocarbons of higli boiling points are btaskeii down 
into more vcjlatik^ substances easily rcnnovcd at low teitiperat i:res and 
under condiiiotis less likely to result in the deposition of ri^e secondary 
carbon, which is inactive. IDuring the I'emovai r^y oxidation and disi illa- 
tion of the hydrocarbons, a loss in primary carbon by oxidation occurs; 
the condition of activation must therefore be so chosen tltat tlit* hydroear- 
baiis are o.xidized rapidly, the j^rimary carbon slciwly. 

In tiie steam-activation jirocess, the charcoal is jjlaced in an U 2 >right 
steel tii]>e witli top feed and bottom discharge: tiie tuijer is stirrounded 
by fire gases which maintain its ttunpetrature tit SOO' to 1000" C. Super- 
heated steam enters through an inner tube and streams downward tlirougli 
the charcoal, carrying away the undesired hydrocarbons before they can 
be decomposed by the high temperature and deposit inactive carbon. A 
certain amount of oxidation also takes place, for after tr:e original car- 
boniza.tion, the charcoal is exposed to air wliieh is absorbed and thus car- 
ried into the activating chamber. 

In the steam and air treatment, the temperature is 350“ to 450' C. ; 
the product is about the same as for the steam activation; each method 
has certain advantages. 

Before activating, the cha,rcoal is ground and sieved to tiie same size 
as tiie soda-lime granules. 

The activity or absorption power of the charcoal is determined by 
p^assing a standard concentration of some gas, such as chloropicrin, mixed 
with air, through a tube containing a standard amount of charcoal; the 
period of time which elapses before the chloropicrin appears in the exit 
gases is a measure of the absorption power. An unactivated charcoal 
absorbs the chloropicrin from a 1 per cent mixture for about 2 minutes 
only, vrhile activated coconut charcoal absorbs for 58 minutes. The coco- 
nut charcoal produced during the vrar on the large scale was good for 
about 34 minutes under this test. The concentration of the test gas is 


Ind. Eng. CKem., 11 , 95 ( 1919 ). 
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much higher than that of the gases normally encountered in the field ir 
warfare, so that the service of the gas mask canister is very much ionf>;er 
I say 100 times) than would appear from this test. Besides the soda- 
lime and charcoal absorbents, the canister ^ contains cotton pads for 
retaining dusts. 

Bv-PRODL~CTS of CfIKMIC\A.n \V.A.RFARE 

Chemical warfare research and development have also resulted ip 
many discoveries which are of vital importance in connection with the 
[jeaceful pursuits of the countiw. These by-products of chemical war- 
fare include: the use of chlorine as a cure for colds; the use of chloro- 
})icrin as an insecticide for treating stored grain; the use of cyanogen 
chloride with hydrocyanic acid for the fumigation of ships and ^vare- 
liouses, valuable because cyanogen chloride is a tear gas as well as a 
fumigant and serves as wmrning that dangerous concentrations of hvt.Iro- 
cyanic acid gas are present; the use of tear gas for the control of mobs, 
and the suidcction of criminals; and the adaptation of the army o-as 
mask for the pi*ijtection of those who manufacture or use industrial pui- 
sonous gases and dusts. The industrial gas masks are* similar to tlie arniv 
gas mask except that special canister absorbents are^ employed to afionl 
protection against the particular industrial poison or noxious gas which 
may be encountered; there is also an all-purpose canister which affords 
protection against all poisonous gases and smokes which might be encoun- 
tered by firemen in fighting fires. (Compare also p. 639.) 

Chemical warfare research is therefore of importance not only to 
provide national defense in the evemt of war involving the use of chemi- 
cal agents, but also to provide knowledge concerning the effective use 
of industrial poisons, and to furnish methods of protection for those \vho 
may encounter such poisons in their work. 

Othkh Patk:xts 

C. S. Pa.t€^iit 1.746.506, manufacture of phosgene by the rc?action of nitro.syl 
chloride using an activated carbon catalyst ; 2.000,131. 
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well suited for exhibition in the class-i-oom or museum. 



In scientific laboratGries, the rrsearc/ur quitf nat^iraliq to obtain 

’oablc solnls, ratfLCr than iton-cri^stallizabie one^, q* n^raAt^i 
'‘iaeeS' Hy ineans of cri/stallizac ion , h* (udi purify }p,< : 
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sci^uci., fitciitiiy irt tiCtr directions. 


Chapter 3:5 


Synthetic Resins, Natural and Synthetic Phenol. 
Celluloid, Casein Plastics 


lender tiie toriii synthetic resins there is p^cuiiped up 
:ii:-!iiber of noii-crystailizin^, or.u-anic inaterials iji sy:it:a. 
: la-tie iirigin. whic-li reseiiible rhe liarural resiris in ttiipeiLr. 
uip very ^;(.nierally , in i )rop<:*rties. The synthetic resins ;i 
;‘(;.loi*ed, oi’ water-white stjiicis, iiisoliiiole in waiter, s.;:::l h:. 
^tanf*t‘s, and fiisi]>le. The* produ(*ts marketed by ti.e >ynti 
hiCTiirer iire in an iinfinishe<l state; tiie fahric'at inu' plant t 
is tho ]>lace where they cire transfcirnieti sn tiait they 
iiifiisibkn lustrous state, which is the state in which, rh 
knows them. Tins transformation is eaileci “curing/* and 





a.V : 



t‘ ■. 

7 « ■ 


of heat and pressure. 


yd"- 


. & (lt 


The uses for tlie synthetic resins divide theiii into twe; 2 , min ela>st'<: 
those w'liicli sei've as plastiesd ^iviii^ afrt-r moif.ii::^ a:, i enrinj: the 
products of numerous shapes ; those whose uses ar*.* similar t-..; rne :;s^*s 
for iiatiiriil i-esins, that is, as filiii-Uirinin^ si:bsT;^nci^s in varnisia's and 
protective coatings in general. The first gr<.5Up includes ri:e re-i;.- in 
molding materials and the transparent resins; the second, the ^ 
resins. In addition, synthetic resins fiinctioii as adhesives an^i ce:neni>, 
an<I as impregnating fluids. 

An older plastic, still very valuable, is Celluloid, a nitrated cedidos?.r 
]>IasTicized by camphor. Casedn plastics serve for sp^eeial ]>urposes. They 
are <iiscussecl later in this chapter. 

The material marketed by the resin iiiaiiufacturer is termed the 
resinoid A; it is furnished a) as the pure resiiioid is east sluirics, roughly 
approximating tlie form which they are to possess when finished; ti.is 
finisiiing is done on equipment very similar to the ordinary wuoti- 
vvorking equipment; b) in combination with a filler, commonly wood 


^ Pinstics are tioclies wliioli under the influence of heat unci ^ pres.r?ure beeori.t- -mlz eri.;u^h_ to 
he prt-stffed, forn»ed or shaped, while after cooling they are rigid agnm : or hod-ies wr.icli sotteri 
ur.iier the influence of heat and may t>e molded under presstire when so heated., hat wiiich i^aruen 
In the period of heating, and after cooling may no longer^ l>e softened luy heat ; or widch 

made up _^with water are soft and may be shaped, retaining the shape pem^ianently after the 
removal of the plasticizing water. The clays luelong to the third class. 
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flour, as a molding material; c') as a solution of resinoid A (explained 
later) for laminating, that is, forming the adhesive or cement to manv 
sheets of paper or cloth which together form a board. There must be 
added d) the oil-soluble resins, shipped in cans or drums, in the foriii 
of irregular pieces of small size. 

The manufacture of resins require simple apparatus; the proce:::> 
consists as a rule in mixing two liquids, or a solid and a liquid, heatiim 
them together to produce the reaction, removing any water formed, thc'ii 
heating the product further with, or without, additions, until a test sam- 
ple shows the proper melting point and viscosity. The end point is nur 
definite, and a variety of intermediate products may be obtained. Uni- 
form products are obtained only by taking the same cpiantities, heating 
to the same temperature for the same length of time, with all other 
conditions identical. iSTot only the length of cook, and temperature, bu' 
the absence, prcscaice, and kind of catalyst influences the properties r>:' 
the product. 

The depth of color of the product depends partly on the degree ti! 
purity of the raw materials; in general, the darker these are, the darker 
will be the resin. 

In order to produce synthetic resins a.t reasonable prices, raw materials 
must be available at low prices. The chief raw materials are urea, formal- 
dehyde, phenol, phthalic anhydride, and glycerin; stimulated by the 
possibility for considerable consumption in the resin manufacture, the 
production or recovery of these materials has progressed sufficiently tc 
insure abundant sui:>plies at relatively low prices. The resins containing 
phenol, whether recovered or synthetic, - or phthalic anhydride, may l?e 
considered as of coal-tar origin. The non-coal-tar resins are designateci in 
the more detailed presentation which follows. 

Synthetic Resins Leading to a Final Hard and Rigid Shape.^ 

The earliest synthetic resins were heat-hardening resins, called also 
thermo setting plastics; they soften under heat and pressure and undergo 
a chemical change which gives them a peramanently rigid form. Grouped 
according to their chemical origin, they are: a) phenol or cresol-for- 
maldeliyde condensation products, representing the phenol resins; b; 
urea-formaldehyde condensation products ; c) thio-urea-formaldehyde 
condensation products; b) and c) are also designated as amino resins: 
d) phthalic anhydride and gl\^cerin condensation products, representing 
the alkyd resinSy which include all polybasic and polyhydric alcohol 
resins. 

When used in the pure state, that is, without any admixture, the 
material is the ^'transparent material or resinoid^'; admixed with fillers 

- Elxaniples : For a.) Bakelite, IDurez, Itedraanol, Condensite, Ttesinit, AnilDerite, Formite, Pheoo- 
fomi, X'uloid, Ambercieen, Sii>ilite, Faturan. For !:>) Follopas, Plastopal, Scbellaii. For c) Beett** 
ware- For d.) Gljrptal, Itezyl- The use of a trade name in discussions may lead to errors, becaissj? 
such a name may be used to designate products with various formula. It is well to use 
the chemical group names. 
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such as wood ilour, it Ijecoinc^s a inihdhic^ a-att r 
r-ccause of its superior qualities. 

A iiuiiii:)er of resins or resin oids jf.-adin;z i har; 
the thermoplastic tyjte; they soften iin<k-r h-air : 
no C'hentical change. Vinyl cidorifie rc-sins, that 
resins, a-metliacry late resins. modiflo^I pia indics. 

In uenerah the products of eondensat ion are tl 
the products of polymerization are Tliornu /uias: if 
(a) Plienol or cresol-f ormaldeliyde condei 
development proceeded along three ^■iilYe^erit li:.’ 
infusible resin. 1) Alethods employing ammonit 
as caustic soda as the catalyst.'^ 2* AiL-the^ds tis 
but an elevated temperature, or else an acid c 
^nieiit adflition of iiexametlivlenetetramine a:id 


i;ii 


? -t :*c-rs 




.sation products 


(Ml 


-f-CdlOl! 


////#. 7i<fl 


inruiniti* 




iiexaincthyienetetraiiiinc‘, an<i iuasole are usev.I. per:::::: 
rcaicrion in a later patent, t!:e anisoie is rn.irte i.“‘ 
which hydroxy benzyl alcoliols are. ecmscii .u-i^e h- rine 
further with the addition of a base as ee:idt-:isir-g agent 
By writing formaldeiiyde in its hy<Irate<i cur i ^ 
in solution, as metliylc'nc glycol, tl:c^ reacii«?n is cieiuhy - 
*. ic-nsation i-etiction, and it becomes nunx- un-: h/r.-t a::- i: e -.i 
-- ClLuOll i:,, and 




- oil 

^ ■ — nj.^ 

tuie.’H 

h // ' trf 'iXh' ^fi ?f c/// 
filr-tl-iZ 

I^roc( a lire. In a gencn-al way, the | nv t<M*duri‘ in inn e me 

die same. The ]>lienol in licpiicl formh iunl the lorinaii it^hy«ie ar 
cent solution, equal parts by weight, are placed together in r 
fitted with a. reflux condenser; the two liquids arc miscible. he5 : 

® U. S. Patent 942,809 Cl£>09) ; tlie previous T>atent to BeeKehintl net li.vutloii trie 

042,699. 

^ U. S. Patent 1,020,593, tiie Aylsvvortii patent. 

® u. S. Patent 1,209,333 (Iledmanoi). 

® U- S. Patent 1,230,829 and U. S. Patent 1.310,0SS Cnedxnauf >I>. 

Brit. Patent 15,517 (1905), the cie La ire patent. 

* Plienoi is solid melting at 40.8® C- ; 2 per cent water lic^ucflc^'S it. 


. , OH OH 

! I -f-Cio 

h J OH 

phenol nirlli ifhrn: 

(jlljnd 



— II J 


: iif.^ds i> 
: 40 per 
i ketth^ 
:r> 5 per 

‘ catalysis . 
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cent cataivt^t (on the weight of the phenol) is acldedj selected from a 
long list of materials, basic or acid, organic or inorganic. Gentle heat i> 
applied, so that the liciuid boils ciuietly. After 2 hours or so, the upper 
water layer which gradually separates has reached a maximum, and is 
run off. The lower thin-flowing liciuid (while warm) is resin A, which on 
cooling hardens to a brittle solid, soluble in organic solvents. 

The Toi’oi:)ortion of the reactants, and of tlic catalyst, may be varied; 
the catalyst may be acid or basic. 

For casting-resinoids the ‘'onc-stei:)''' process is usually used. In xhl< 
process the reactants are cmplo^^ed in theoretica.1 proj)ortions. They are 
heated in the iDresence of the catalyst until the resinoid sei^arates. The 
supernatant w’-ater is removed, the resin dehydrated, and poured into 
molds. It is then polymerized under heat and pressure until it is infusible. 
These infusible cast shapes are sold to the trade to be cut, sawed, sanded, 
drilled, or turned, as desired, using eciuipmcnt similar to that used in 
wood working- Pipe bits, beads, cutlery handles, and the like are thus 
made. 

Resinoids suitable for molding are usually made by the two-step 
process. In this i)rocess the phenol is employed in excess. Tlie reaction 
is similar to the one-step process. The fusible dehydrated resin is run 
into pans, cooled, then an intimate mixture of this fusible resin, with 
hexamethylenetetramine sufficient to render the fusible resinoid infusibk- 
when heated, and a filler, usually wood flour, are ground together in a 
ball mill. The resulting mixture constitutes the molding powder sold 
commercially. Such a powder charged into a steel mold and subjected 
to heat and pressure is changed to an infusible, rigid molded article. 
Closures, electrical equipment, telephone parts, automotive parts, and 
the like are thus manufactured. 

If the dehydrated, unpolymerized, resinoid, as obtained from the 
one-step process, is dissolved in a solvent, it constitutes the varnish used 
for the impregnation of x^aper, fabric, or the like. If such imi:)regnated 
paj^er or fabric is piled sheet on sheet to the thickness desired and the 
whole subjected to heat and pressure, there are x^roduced so-called lam- 
inated plates, e 2 nT:)loyed as panels, laminated gears, etc. 

The influence of the catalyst on the i^i'oxoerties of the x'^i'oduct is i^ro- 
found ; if the resin in state A contains a basic substance, or a salt, there 
is a change of composition with time; on heating, the same change is 
rapid, and the resin hardens (heat -hardening) ; if the resin A contains 
an acid as catalyst, the resin does not reach the heat-hardened state. 

The earliest formula ^ to rex^resent resin . A, formed by 2 i^arts of 
formaldehyde and 3 parts of x^henol, when heated to 400° F. (204° C.), 
without catalyst, is that of Aylsworth. The subsequent addition of 7.6 
to 12 parts of formaldehyde-ammonia comx:>ound forms a fluid at 200° F. 
<93° C.) , which wdien heated for a time gives an infusible, inert mass, 
without the production of bubbles (one of the difficulties in the early 
days). A formula for stage C follows: 


» U. S. Patent 1,020,593 C1912)- 
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H:M ff... 

H,(>; (■•{ - !i,,< > ^ .('fr , NX-=*; ( ■- iX« 


/V .S'// ^-1 . 'XV 

^'..1 V V . 

Kven before that, the pateiir of the FreiteL firm he L:.hre 
dviieil that the resiii< obtaiiieh by }ieu:i::e; iLh’vhev 

r4.-r:=i:lt a euncienr^ation of ::^e\'eral of Tht:^'e. Thf.- sriir*:r:L: ::ai 
phenol and hydrated foriiialdeiiyde. and the proce-- ^ 
foriiiation took ]>laeo first, \vith the lurtiier ^ayndirii-arb^z. -x- lli, : 
or final iX‘siii fchlowinfr. 


i)ll 

. C'li .OlI 


-Oil 
CHS) 11 


i >R ^ 

— ( ‘iij e 


Xf> se]>aration oi the ])hen«;d alcohols is made. 

The formation of phencji alecdiols was riot ro'-wardze I 
scientific investigators of the phenf>I-i(n*nmldehydo 
acid catalyst was employed, which favors tra* co::do::>a: n 
aico'huls, so tliiit their ])rc's’eiH*e esca]H'S 2a;t:ct'. Wdrh :: 

alkaliiK" catalysts, which catalyze only slowly th-i.- rheio 
; lensitt i<.jn , the ]>rescmc(‘ of sii(*h alcohols vras establirh^ -d. 

A\'irli full consideraticjii of the reac*::< 5 n< of ::::: la'i-o 
HiLomn and naphtha! alcolujls in mind, an<i leanlnij: ^ c. :hv r* 
exiieriiiients in which the relative amounts th phers I and 
were altered, B:iekelan<l un<l Bender'* gave the fthhnvina 
afdt.* reactions, and constitiitiou. of the resim 

In the first step, the hydroxy] i^ydrtJgC'i: of the pherr 
p-artly rearranges to ]>ara“hydroxybciizerie. 


U 


H Crji^sni 


C = 0-f-2CeHrXJH 
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C' P- 11,0 

II O.Cdi.'. 


ri 


II 

C.^Il4 - Oil 
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polymerizes to 
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11 

o 

.C«H 

5 


II Cdb-OII 

c = c: lla ) 

k o . c JF 

stage ^-1 


with small ariuxoiin 


i 7i f usihl^ rest n 
stage C 


dl Cv.H 4 -<.)»K“ 

c = c; 

..H C%M 4 . 0 H.. 


Brit. Pitteiit 15,517 C1905). 

Indi. EnQ. a hem., 17, ji- 225 <:i925>. 
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The final commercial product coiilaiiirf in addition to the polymers 
s^liown, small amount of unused phenol, formaldehyde, hexamethylene- 
tetramine, and traces of intermediate compounds. Resin R is a mixture 
of A and C; it is of scientific importance only. 

Retails of Manufacture of Resinoid A. Resinoid A is manufactured 
in either the "''one-stop'' or the “'two-step'' process. About equal weights 
of commercial phenol and formaldehyde containing 30 per cent formalde- 
hyde by weight, are placed in a kettle; 100 x^ounds of x:>henol is the usual 
batch. The amount of formaldehyde is adjusted so that there is a 1 to 1 
molecule relation, with intentional variations {see below) . Eitlier no 
catalyst or a 1 per cent hexamethylenetetramine is a,dded, and the wliole 
heated 3 to 4 hours to 140"^ to 165"^ C. (284^^ to 329^ F.) ; water is 
eliminated. In the one stcx3 x>rocess, the exact 1 to 1 relation, or excess 
formaldehyde is taken; the x^roduct is directly resinoid A. In the “two- 
step" x:>rocess, there is a) excess x^henol with an acid catalyst (say HCb, 
or b) excess catalyst, such as iNaOI-I, later neutralized. Tor a) the seconsl 
step involves adding more aldehyde and more catalyst, of basic natui'c; 
in the case of b) , aldeliyde and catalyst are added also. 

Tlie reaction Ijctwecn phenols and aldehydes will take any one of the 
following i-)atlis,^- according to conditions: 


( 1 > UlHKl'T llllSlXtilU IliilTn 
C 'OriL'-.sLt.'P 

The; n-fti(.ral or c*xc*e.s.s 
aick'hyde XJr€\sont; either 
with or without 
lyst (preferably l)asi<‘) 


C2‘) iNiiiRKrT IIksinuiij Hoi-tl: 
( • ‘"I'wo-step ‘ ' ) 


(ii ) 1 Access phenol x>i‘cs- 
ont, either with or 
willioLit catalyst (prof- 
oral >iy mineral acid.) 

•>k 

Fiisililo t)henol resins 
(“Xovolak” or ‘‘two 
resins) 


ili) l^hxcess catalyst pres- 
ent ( prof er al y al k alies ) . 
foll<3\vcd hy _ neutraliza- 
tion and heat ins 

V 

Fusible i>hqnf>l 
alcohol resins 
( O chair e tyj^e) 


Addition of 
aldehyde in 
presence of 
catalyst 
(generally 


lleniO'V’^al of excess 
phenol and heat- 
ing to high tem- 
peratures 
or 

addition of strong 
mineral acids 
! 

Saliretin resins 



(Ivleeburg type) 

\ 

1 

Addition of alde- 
hyde, basic cata- 
lyst, and a little 
phenol 


f f 

Resinoid 

, “A” Type 


Addition of 
aldehyde in 
presence of 
catalyst 
(generally 
basic) 


rteproducc*<l from “Syntlietic resins'* "by A. V. IT. Alory, Ind. Enej. CKeirt.^ 19, 1110 flKf7). 
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I-ier^inoid A is distribut(.'d 


iiiT Ti a- : 


;£:i:st be said regardiii^ the >arat:oi: f‘M* 

ri;ese, ‘‘an intimate mixture is ijrenarod 
A ^ woori flour, and tlio desir(/ii eolorhicr matte 
tt^izeiher in a ball mill, hot-rc jllina: xlie i 

ir; 7 :, to insure ar)senee of foreiy:n matter.*' ’* 
fiders are used. “At the tcinpcratiii*e piveri b 
-uch a molding material quickly fluxes, and t 
the heat that first softens it.” 



The color of the unmixed resin mih refif-cr 
i'a* cresol used; with very pure maiorials. it v. 
pure materials, it may be brown, dark fu'ow: 
hi^en developed which allow the produerhiu r, 
dpii’it-soltiljlc dyes, Chapter 28'^. The hllor w 
f:r iniiueiice the color: fillers are: wofjd z 

calcium sulfate, graphite, ]>iimice, lampblack, 
and many otliers. 







Time required for lieat-liardeiiiiig. In th.e tmse :: 
lug cornpoiuids, the time I'oqiiire;! fr>r nshdiitg de: 
r*articiiia.r coninosition o: the na jhlirig ceunrt- cm- 'h r 
the piece, c) the temperature^ of curing, dr ti.e typ.^. a 
irii'>ldirig xiracticcp with tliC mohl at a temptaMit c-i 
thin articles such as buttons can be mcMed in afc. 
.iischarged without any cooling. Thick ;deees, -::eh 
ness, require 10 to 30 minutes a.nd arc c.-c.h.'d, s' 
especially if the dimensions have to l.>e Iiel.-I accuraref 
run of pieces^ such as a.utomobile distrira.itr:r i.oahL^ 
and similar ones, the time is usually between 1 anci 3 
In 1935, 95,115,698 pounds of synthetic re>:!r- va:»r 
were produced in the Cnited Sta.tes; a.nti of ti.esc. 
were of the phenol-formaldehyde type. 'Whether t 
continue in future years is not certa.in, but likely. 










(b) Urea-formaldehy de-condensation products representing the 
amino plastics. The iirca-formaldeiiyde condensate is one ci the pre i- 
ucts Virdiich. in tlioir final state a.re as clear, transparent, an-": ccooiness a.s 
glass. The others arc the alkyd resins, vinyl resins, and .styrene re-:::s. 
The iirca-formaldcliyde condensate is essentially unbreakable: hitne-rto 
tldck slabs have at times developed cracks on standing for s:x rnonias 
or so. This defect has no^v been remedied, and the resin is propn^eri as 
a health glass substitute (Aldur, Figure 62 u 

One mol of urea and 3 mols of formaldehyde are heated m the ]?res- 
ence of hexamethylenetetramine;^^ the initial condensation proeluct is a 
liquid, soluble in water; on heating further, an intermediate ruDber-iike 
product is formed, insoluble in water. Continued heating, or coTn-hiued 


A- V. n. Alory, “Nature was suitably aiUeti/’ J. OhctJi, it*/., 6, €17 
Brit. Batent 171,094 (Fritz Poliak). 
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heat and pressure, yield a hard, infusible, transparent mass, insoluble iji 
acid or alkali. 

Lh’ca and formaldehyde form mono- and dimethylol urea ; it is the 
monomethylol urea which is probably the chief constituent of the res^n 
lAimethylol urea, heated alone, changes at 126'^ C. (^258^^ F.) to a liouid 
then at 137"^ C. (278'^ F.) to an amorphous white body which does" noV 
melt on further heating but decomposes at 260^ C. (oOO'" F.). 


Nil. -f- Clio H 


NH . CIIoOH 


c=o >- 

I 

NII.^ -b CHOU 
XLrea 

(white solid) 


isHl .CHoOH 
diyjieihylol 
'urejx 


Nil. 

I 

c;=o 

i 

XH. CiloOH 
tnorLoineUi ylol 
lire Cl 


Procerhire. An example of the procedures is selected, in whicli the 
evolution of gases during the hardening period is prevented, by the achli- 
tion of materials which combine with formaldeliyde.^*' 

Six hundred parts by weiglit of 40 per cent formaldehyde, and 100 
parts by weight of urea, are heated until 10 per cent of tlie whole has 
distilled off, .leaving a product in the kettle wliicli still contains some 
free formaldehyde. Fnough fresh urea is added, so that there will be 
1 molecule of it to every 2 molecules of free formaldehyde. After soiii- 
tion has taken place, the solution is evaporated further under vacuum 
until the mass is as viscous as possible and still allows casting inuj 
molds. The temperature is raised finally to 100*^ C. (212'^ F. ) . 

Tlic hardening process is completed by heating to somewhat above 
80^ C. (176^ F.j , until a hard, insoluble i:)roduct forms which is fairly 
unaffected by water. 

In tlie phenol-formaldehyde condensation, the water se]:)arates as an 
upper layel^ and may be most conveniently run off. In tlie urea-formal- 
dehyde condensation, there comes a point when the entire mass sets, 
water included, and the removal of the water and subsequent wasliings 
of the resin are difficult- By changing the resin from a hydrophilic 
colloid to a hydrophobic one, the water is not retained with such tenacity, 
and its removal is comparatively simple. An example of the improved 
p r o c edur e f o 1 1 o ws : ^ ® 

One hundreds parts by weight of urea, and 4000 parts by weight of 
37.6 per cent formaldehyde solution are heated together in a boiler with 
a reflux, permitting in a short time the first condensation to take place. 
There is no acid present. This is the first step. 

Two parts by weight of formic acid is now added, and 300 parts of 
thiourea, and the mix is heated further for 1 hour. ISText, 2 parts by 
weight of alkali is added, and the mix cooled. As the cooling pro- 
gresses, a white resinous product gradually separates. Tw’o thousand 

^ TJ. S. Patent 1,507,624 (Fritz Poliak and Kurt Kipper) - 
XJ- S. Patent 1,833,S6S (Kurt Kipperl. 
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^ai'Trr ]*y -vs-ei^lit ai wutvv is addofL kneaded una rhe 
Adni:‘ri!:p: water is rcaiioved by dist illat . 

The highly visetnis may be :nixed wirh n i:[U-r and eeh;:*:!:L: 

mailer, azai then hardened. Beh^w 50' CT M 22 ' T, s i:; m r 

bar ;dKj\'e it. tiie desirtN.i iiardenin^ ttike- ylaee. 

in-tea<l of the thiourea, 200 parts oi phenel ii:a.y ah a*d: h. e:ha-!' 

a clear, colorless, ^hiss-Iike material will be :U:ti.Uy ehtairc-h. 
t adj-line; carbamide, tiierc* is formc^d the w'liite lei.-a* f c: 'rn'i^huct 

'if this substance with excess fi^rmaldehydo, and r.he re'Ulthm r^.--:n ^ n 
hi:.hri;i iiardened yiehls masses similar to white n 



yitiviii-: 1S4. — Tile Piaskori Duplex Scale, to show rhe he::s;atz ■::: 

PiLiskon. Li urea-foriiLLiid<aiyde plListi*^*, ivizniiy luviM^h :::i t y ihe Tel: ic 
Scale Company. Width, 17:?"; depth, 15T' ; hei^^hr. loTh 

“Plaskon'' is a urea-formaldehyde mohiing; crnnpcnind, ;:i:ade witi: 
s]>ecial care as to combining jiroportions, reniovai of unrea*cted components 
and several other cautions, so that it is successfully used as a inaieriai 
now standard for the manufacture of scales. Plaskon is T>r<.jciueed as 
granules or fine powder, and is used clear, or with fillers. Wiien first 
heated in the mold, it becomes plastic, then sets strong and rigid. The 
molds are heated by 100-lb. steam for thin walls, by 60-lb. steam for 
1 inch walls and over.^" 

“Sv=iT.ti:malic st-uciy develops new moitling compound,'’ A. IVS. Uo^vsld, 

5S3 C1G30. 
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The urea-formaldehyde resins were slow molding; this characteristir- 
has been improved considerably, so that now their molding time 
equivalent to that of the x^^^Gi^ol“fo^i^^Q>ldehyde powders. The outrrat 
of urea resins in 1935 was 4,202,536 pounds; the average price per poiinrl 
was 46 cents. 

The main outlet for urea formaldehyde-molding powders has beer 
for toilet articles, parts for sca;les, drinking tumblers, and similar pieces 

TJrea-furfural. Furfural (300 pounds) and urea (100 pounds) heated 
in the y :esence of a catalytic agent (4 pounds 26 per cent aqua ammonia'i 
and a hardening agent, give a product which is convertible by heat into 
an infusible body.^® With 5 per cent Chinawood oil, the final materia’ 
is more flexible. This material is not of commercial importance. 

(c) Thiourea-formaldeliyde resins. These resins have not been manu- 
factured in the Fnited States since the close of 1932, because of their 
slow molding and the necessity for using stainless steel molds, which are 
more expensive. 

Many proposals for the production of phenol-furfural condcnsati< it 
products have been made (see item ^^Other Patents"’ at the end of the 
chapter), but have not become very important commercially. 

(d) Phthalic anhydride-glycerin condensation products representine 
the alkyd resins. When 2 parts of phthalic anhydride (a white soliih 
and 1 part of ^Ivcorin are heated slowly at 100° C. (212° F.) , there 
results a clear liquid. On continuing the heating to 185° C. (365- 
F.) , there is some distillation; when this is over, the temperature i.s 
raised to 210° C. (410° F.). The first stage of the reaction is now com- 
plete. The product when cooled is a yellowish, transparent solid, soluble 
in acetone. The resin may also be watcr-wliite or transparent. 

Heated several hours to the moderate temperature of 85° to 105" C’. 
(185° to 221° F.) , after the incorporation of filler, pigment or dye, or 
without these, the material is hardened to the hard infusible resin, 
without bubble formation.-® A high luster is given by the contact with 
the mold. The type of condensation is pictured in the equations below: 



phthalic 

anhydride 



GOOH 

COOIl 


phthalic 

acrid 


o 



COOH 

-f~ 

coon 


CHsOII 

tiTOH 

I 

CHaOII 

glycerin 



CO.O.II2C 

CIIO.OC 

CO.O.H2C 


ester 

condenses further aP 


COOH* 

0 


3 H 20 


S. Patent 1,827,824. 
lo Chem, Met, Eng.^ 40, 42 C1933). 
20 XJ. S. Patent 1,108,329. 
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-ize (>i ’i:e re^sin. whicJi 


.'t the exact luolectiliir 
r. :.e order of 5000.-^ 

Xae uuvantages whicii tlie an^i heat 

are: re;=i5tance to %vater aad cl.eii iical>, 

high dielectric value, lotv deiif^iry. ^rtrueturai 
heat conductivity. The pla^^tic property of t::e init 
vtrr:=^aiility of form. The hardened resin^^ and the ntf 
be cut, threaded, and i^naehined. 

The major ur^e of nithded pruducL:^ i^ in the manti 
iiir^uhitors fur the aiitoiiiobile radio, teleplioia* and a 
ai-e used in int*reasing f|uaiitit ii*- hu- orniiUi^ 
roh-cless timing geai*s, smokers' articles. tt.;p> ■ 

door handles, and nuiiieroiis other punjoscs. 2^l*jh.urci 
value in chemical engineering; tatiks as large 
and 10 feet high, with no remii>rceiiient asitie fr^cn 
na\'e been constructed. Ancjtiier example is spinnii.a 
>:Ik. As molded resin does not warp, it is valued.; 
uclieately adjusted electrical instruments, as well as 
A new and promising plastic of tiie pher:»d-fi:;rni 
recently appeared upon the market under t:.*:- iradie n 
:r is particularly adapted to the fabricaiio! 
u ill be described in Cliapter 45. 
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Laminated products consdst of sheets ca 
paticr, fiberboardj fabrics, coated on both sh.h. 
alctdiol) of the uneurecl resin tresinchd A^. 
d!‘if-:I and then liut-v>ressed so that the* resin st 


mo i 




I^ure ; .-iit.-ncji-i'oriiKiKic uiti.-r iiiirdc'iiiiii!; 
Pure i>hi:nol-iormL',ldt.‘iiyUe with ii tiUt-r ... 
Trea-f oriiiauiehy* lo 


r* ut— ?P40c 


IMotor windings ant.i cculs lor auxiliary devica'- :oay be “-e: ' res::.-, 

particularly plieiioi- formaldehyde resin, itself a goctd i::suiL5.t^. r. f y idac- 
:ng the coils in an autoclave filied with the fuse«i ;*es:n s:.:eh 


T.\i;i.k G9 . — Rradiictittn ajid I’ nil XalUG ft.-r S.'/nlln I'ic:- 0'',:' -d 

Product if sn X;:::.; r --.r : - 

<pouritls) viilue : -.1 :.:c 

1927 13,452.230 SC-.47 7 

192S 20,411,465 0.35 9 

1929 33.036,490 0.33 12 

1930 30.867,752 0.30 15 

1933 41.628.485 0J23 

1934 56,059.489 0.24 

1935 90,913,162 0.19 

■* Department of Commerce, Bureau of Foreign and Domestic CoTrimi:.'rce. 

^ For a hard transparent resin from ethylene phthalate, 25 strnetizral units are^ assumed, 
and a molcicuiar weight of 4000 ; for a soft, transparent resin from tri-methylene piithalate, 24 
stmctisml units are accepted, molecular weight of 1700. The condensed ester as written _ahove would 
probahly be counted, one structuml unit- Com-pare 'W'- BE. Garotiicrs, “Foi^Tnerization,'*' Ch^Tr*-, 

8, 365 C1931). 
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as resinoid A). After iuipreo'nation , tlie excess resin is run off, tie 
vessel closed tight ag-ain, and the coils subjected to the lieat-hardenhiVr 
process under prcissiire. 

OlL-SOI^VBLE Sy>ctiietig REsi>rs 

The oil-soluble resins are materials differing markedly from tIio-- 
discussed in the previous paragraiohs, for one of the proi^erties of nioLlt-d 
resins is oil-insolubility. This class on the contrary must possess solu- 
tion properties when added to Chinawood oil, for example, in order i;, 
be useful as film-forming constituents in varnishes. Some of the oii- 
solubie rosins are resins for molding, modified by a subseciuent treatiner^ 
which introduces a dispersing agent; others owe their properties to admix- 
tures in the original formula for making the resin, and are therefor- 
distinct products. The more important representatives of this tyr:>e td 
resins are given below. 

Ester gum is glyceryl abietate, also called glyceryl resinate. and i> 
made by boiling melted rosin with 11 to 12 per cent of its weialit of 
glycerin, distilling off the water formed. The product after cooling look- 
very much like rosin, and lias a faint odor similar to that of rosin, bu: 
it is less brittle, and its acid number is 15 and less instead of 165: tbi- 
means a greater resistance to water. It lias all the remarkable oii-solubiii- 
ties which rosin has. 

Rosin is essentially abiotic acid, Cii(JIu>oOo, with which glycerin forms 
an ester; glycca'in triresinate is the i)referred form,-- but the com- 
mercial jn'otluct usually contains small amounts of di- and mono-resiiiatcs. 

Rosin -T- ab'ccriii = ester ^xini wnter 

Phenol-formaldehyde resins dispersed in ester gum are available under 
several trade-names.-^ 

Oil-soluble phenol-formaldeliyde resin may be produced by modify- 
ing the phenoI-formaldeliyde resinoid-A by treatment with beta-napliilicfi 
or other naphthol or antlii*anoL Por example: Phenol-formakleliyde 
molding resin and 30 to 50 per cent of its w^eight of beta-naphthol are 
heated to 120^ to 130"^ C. (248^ to 266^^ Pd in a still; water is distilled 
off. Spontaneous heating causes a rise to 145'^ C. (293"^ P.) at which 
X:>oint it is held for 14 hours. On being run off and cooled, a transliicem, 
brittle mass is obtained which dissolves in varnish oils. 

The resin so made cannot be heat-hardened, but if catalyzing agents 
('metal resinates) are added in the course of the prex^aration, the rc^siilt- 
ing resin may be hardened. 

In modifications of the XDroeedure, 2 to 10 per cent fon the weight of 
the mass) of linseed oil, and 5 to lO per cent of mild oxidizing agents 

~ F*aint V aTrni&h Prod. Algir., 8, Dec., 1932, sect, 1, p, 5. 

^ Such, as Amberol, Beckesite ; but it should be remembered tbat tlie trade name does act 
establish the exact nature of a product; under the same name, several products may he maJe. 

XJ. S. Patent 1,809,732, the Seebach patent. TJsing the trade names, the Bakelite series is rep- 
resented by Oil-soluble Bakelite XR, 254 [7nd, Eiig. Ghem., 22, 1182 (1930^], and others. 



m3 


^YXTH KTK/ RKSfX^, rilKXai^, < ' K LLX IJJI Ij . i-ASK!X I'LA^-TIi.: 
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- a> nitronav)hthol may be adbeii. Air <^r iiirrisu^ 

: through the melt. 

^ zlyi'crui aiifi j>htiiahc aiihy<iri?ie <-* ?nat*iisefi ia the - 

from iinseeci oil yielfi hiible rer'i!:s. ^uch ar- ‘Tie jhifiO'h 

j;ly:Tar\ which iiave r^roved vi-ry rr^aiir^factDry. *‘C ::he liezvl" is 

TT'Ti.er well-known rer>re^:entutive rd this chass. and *‘ont:.dns :e.w\' a^dds. 
er cn' both. ‘*Oii-soliihIe Tc-irlac'” is it aiyrerii.-oi.r iiuhe nnhydr: la 

C: ndeiisiite morlified }>y rosin nrinoir>alIy. 

The *jiI-S(diir)le alkyd resins-^ are a areun af i-esir.- in-'-iTT iim arnanT 
a’hej’s an etiiylene griycol-phtiialic anhydi'ide candensL^.Te m'.dihvd 
nn-atiirated fatty acids from a drying oil. In aeiiera: tl.e oii — d'.ihie 


hcvd resins lor varnisn maKinp: niav 


I 


Te I'yo 


aeids and polyhydric alcohols, inotiihed by iinsaturatevl :M:*:y acid- -tc:. 
a- o’ieic acid, or ’oy oils of the drying type. 

In process of development are resins rtrodnec-d f:xen nnsm ' :ra‘'ed 
]^e:”<'deiim hydrocarljons (tiio di-enes), polymerize -i I by the me: n 
jiinminiim chloride. Such resins do not yeihjw, aiol are on the a<dd -ide : 
at ^'n'esent, rosin is generally incorporarerl. For a higi. yieM ^t* resir: 
highly nnsatiirated distillate rich in riiolefins and niefin- :> 

number of relictions take place simidtiineousiy . The r-ne lea:i:nt: = 

:‘i-sins is controllc‘d in part by the amoiint of catai^rst. ratinely 2 -tfsr c-'-n-. 
-andt is favo 2 *ed l>y the presence of tiie rnxirser rati<: . u’ di^hohn- end 
■ ;d-f:ns,“' which undergo a polymerizat ion, (..llefins tt'e.^ne iva-i rati.er t-; 
-yntiictic lubricating oils,-'' 

Polymerized Resins Vinyl Resins. Vinyl r: ie CjHj.CTlf 1 

'(Tia]>ter 25 1 may be iiolyinerized by •ultra-vic.der light an:.L i-v t ti.er 
agencies to a thermoplastic resin iVinylitc T In bhtcks. it is vuT-t r-whit^: . 
and transparent to ultra-violet light: ]iowi:ered, it fcirnis a v*h:te wdera 
whose siuiition in acetone and other ketone solvents ser’^'es as a varnish. 
The value of tlie vinyl resins is mainly as molding marerdal : a h t" !-«.-nna;r- 
atnre cocfncieni allows the manufacture of panels and lame pie/'es. It 
takes dyes readily, and may be shaped in the mold an^I under ueett. 

Polymerized Hydrocarbon Resins. The ino>t impertamt of rhese 
i:- the para-coumarone-indene resin sold under tiie trade name cd Cuumar. 
It is manufactured from coal-tar naphtlia recovered at by-rnx duet coke 
ovens or tlirough tar distillation. The naphtha utilized has a boiling 
range of 150 - to 200 " C. and contains coumarone and indene. 

The naphtha is treated witli sulfuric acid in the cold, poAu-nerizing 
the active ingredients to form the resin. Xiie iinreaetetl portion oi me 

— Chon. Met. Kng., 39, 599 (lG32j. 

-^Ethylene Cti^: CiE^ is the simplest- olefin; a clioleiin has two dontte xher*^ are eyehc 

r-'iefins as well as non -cyclic ones. 

Ind. Eng. Ohem. 24, 1125 fl932). 
hid. Eng. Cficm., 23, 604 C1931>. 

Ideal conditions for polymerizat irm arc: 1) the nfitiible 2 the .-ti j ed d.'r arhe 

h iiti ; 3; unsyinmetrieal arrangoment. ; 4) formation of niixtures ; 5 i ^ vsriahie 

refiCtif.K trends; 7) multiple functional groups; 8) formation of long oiiains : associate 

10) state of aggregation. Eurtlier, consider the unsEitnrri.T.iori. or bond; in the 

dojihle bonded grouping, substituting hydrogen by negative groups enLanees tl-e pelyme-ismg 
power; but only up to a certain point; too much negativity inhibits p>olymeriz3.tio3i. Einaliy, 
.;U generul, the more highly polyniei-ized the ruolt^eule. the harder the rt-ftiii. 
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CH 

! (I 

! CFT polymerize to form solid resins 

O CHo 

cournarone indene 

(liauid) (liquid) 

naphtha is removed by distillation. The resin remaining in the &rir 
cools to a light brown, brittle, odorless solid, soluble in oils and organic 
solvents. It is a neutral resin, alkali- and acid-resisting and with^oo^i 
electrical resistance. The melting range for the purest grade is 150^ to 
160^ C. (300° to 320° F.) . Other grades melt as low as 5° to 15- C. 
(40° to 59° F.) . It is used in the varnish, waterproofing, rubber, print- 
ing ink, flooring and adhesive industries. 

St 3 U'ene CeU.^CHiCHo (a modified ethylene) , a liquid, is polymerize ■ 
to a resin on heating and is now available as a molding powder. 

Polymerized methyl oc-methyl acrylate has already established itsei: 
in the manufacture of laminated glass-'^’^; it is formed also in blocks, rods, 
and tubes under the name of I^ucite. 


C14 

~hn 



Figure ISo. — ^The in-oduction of synthetic resins over a period of years in thv 
United States. (From ‘"Survey of cuirent business/'' Fiircau of Foreijrn and 
IDomestic Commerce, under title, “Piastics-Products of Evor-wideninp: Utility.''; 

Butadiene like isoprene polymerizes to rubber or rubber-like sub- 
stances; 2-chlor-l,3, butadiene produces ISTeoprene (Chapter 39). 

^roeZors are chlorinated biphenyls, sold in the form of thick oils or 
resin-like solids, whose chief use is in lacquers. The nitrocellulose film 

Sec Chapter 11, and IT. S. latent 2,032,663. 

On pol 3 Tiieriz;iiie acrylic acid and esters, 2,008,719 and 2,014,923. 



SYNTHETIC IIES/XS, PHENOL. rELLI'LOIfj. f 


.miiining an aroeior is more nearly iii-epz-uoi, 
'}:e aroelors are not oil-soiuble. 

Ilaloirax is a ciilorinared napiiihaleiie r>rof.I’ 
■wax or an oiL The wax is used as Cijndens^rr i; 
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Xatural phenol is piien*ol obtained in 


L.C 


ana to 


mialler extent in the piiriikaition o: 


ana gas plants.-’* Synthetic plienol is phenol n.ade inm. l^enzeiie, eiilier 
by sulfonation followed by alkaline fusion, or by ehorinarion and sub- 
sequent heating under pressui-e with caustic soda solution; it is in reality 
a. serni-syiitiietic. 

Xaturai phenol is }jy no means uniniportan’:. Ti.e e-:::.mted Ur.ited 
Stares prodaction of tar for 1929 was 700 million gallons; its pi-enel 
<*oiitent averages 0.7 per cent, sc that 50 million pouir.Is of 'd^-n^.d were 
available. Only 13 million were extracted, the re.'-t. v/^is i^.-st in the burn- 
ing of the crude tar for fuel, in open lioarth steel furni'.ees, for t'Xitniple. 
The explanation is that the extraction oi phenol from its tar :raet:o:'i 
recnaires a special plant and staff, and a market must be munti fur a 
liiimber of other ijroducts extracted, Lmless the price for piienu! is very 
attractive, it is not worth wdiile to undertake the operaticn. 

Synthetic phenol was rnanufaetiired to meet the war emergency: in 
1918, 107 million pounds were produced- In the nc-xt two years, plants 
were dismantled, as it was expected that the normal p^rcduction c;: 
natural phenol would suffice, Xo synthetic phenol was manufactured 
in 1921. The phenol formaldehyde resins app>eared on tiiC market in 
3 922 and 1923, and created a large demand for piienol, winch led to the 
installation of several plants. In 1924, the production vcas 10 million 
pounds, mainly synthetic (30 cents a pound). In 1929, 24 millions were 
produced by all methods (11 cents) ; in 1930, the total production was 
21 millions (11 cents), w^hile in 1935, it was 43,418,579 pounds, with value 
of 10 cents a pound. About one-half was synthetic, with the two processes 
about equal. Many millions of pounds are produced by the chlorphenol 
method, which is simpler than the sulfonation method; only by intro- 
ducing several improvements did one or two except ionallt' well equipped 
plants maintain production the latter method. 


— ’ Ohjtpter 14. 
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Benzene Sulfonate Method. In the early clcvelopincnts, benzen*- 
C,;Hg was treated with the bcaizene sulfonate Ct;Hr>.S( );dl 

isolated by neutralizing both excess acid and sulfcjiiate with lime, uiV 
filtering* the oidciuin sulfate from the solution of ealeiuin benzene 
fonate. An inipro\'einent was made when the continuous sulionatior 
method of Dennis and Bull was installed.''^ Four sulfonating tanks am 
used in series, and in each, the benzene enters at the base tiirouah pe''- 
forated pipes, so that it rises in the form of fine droplets. The sulionaieh 
benzene remains dissolved in the great excess of benzene which is pro- 
vided. The benzene flows countercurrent to the acid; the latter is 9S 
IDer cent H^SO^ at the entry to the first tank, 77 per cent at the exit of 
the fourth, when its sulfonating power is exhausted. It is conceiitrate«I 
to 93 per cent and new oleum is added to it, to reach the reciuired 9S 
per cent strength. Thc^ benzene with 2 per cent sulfonate is washed with 
water ( 3 washers) , the sulfonate in the water solution neutralized with 
sodium sulfite recovered from the last step in the ])rcjcess, and conceii- 
trated. 

2 C 0 II 5 . SO 3 II -hXaoSOs = 2 CcH 5 . SOsKa -hS( ),-f- IbO . 

The strong solution of sodium benzene sulfonate is run, gradually, ini',' 
fused caustic soda at 320^ to 350" C. to 662 F. ) ; sodium ]'jhc- 

nolate and sodium sulfite are fcnuned. 


Ccl h . SOaXa -r 2XaO II = Cells - OXu + Xa.>.S( > 3 -r I . 


The melt is dissolved in a limited amount of water, sufficient to dis solve 
the sodium phenolate only; the sodium sulfite remains as a wet scilid. 
which after washing and clrying, serves for the neutralization of new 
amounts of benzene sulfonate. Only iialf the sulfite produced is nccdoi 
ill tliis way; the other half may be sold (by-i>i*oduct ) . 

The sodium phenolate in solution is decomposed by cai‘bon dioxidc- 
from a lime kiln; jihenol and sodium carbonate are formed. The latter 

2CcH 5 - OXa-hHoO -f-COo == 2Cf.Il5 . OH + Xa^COa . 

is caiisticized by lime from the kiln. To complete the reaction, a small 
amount of nitre cake is added. The phenol sei:)arates as an upper la^x^r; 
it is run off and distilled from a pot still. 

Chlorbenzene Method. For many years attempts were made to pro- 
duce phenol commercially from chlorbenzene, without result. It remained 
for an American firm to discover the proper apj^aratus, reaction mix 
and operating conditions which have made the process a commercial 
success. Starting with chlorbenzene, the method as practiced is as fol- 
lows: 

Chlorbenzene (1 mol) is emulsified with a 10 per cent aqueous caustic- 
soda solution (1^ mol) and the emulsion (oil droplets in water) pumped 

Chapter 27. 

3^ Ind. Eng. Chem., 10, 738 C191S)- 

3= Ind. Eng. Cherrt., 20, 114 (1928). 

33 U. S. Patent 1,607.618. 
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ii-huiter::. Tho reactioii i<:: 


Coiuci-M2Xii<>if = C-:H:.<-.>x.i — XLiCi; CcH^< jXii-^ H c: f ' j I y>i £ — X; j ;: 

bcitzatc 


i.>n leiivinif: the reiicticjii ves^c-I, the I:q;;:«L wu>rr^:'> rhrou^ih r;.'-- 
T=L? heLit tiie iii(*oiiiiijig licuiids, then throiigh eouh.^;-.-. n:'*'-:' woh-i. '•io- 
-U 2 -e i> releiised. Xlu* n*ee phenol is formed ’oy n rreioi..o!.: '.v::.L 
giving two laycn*s. The in)pei- layer is v\izi :.;:r and d:''::illed :r 
('Li'omitiiii-] >hite< 1 still ; soine water pusses o\’er ilrst, le-x: uny '.nr*:.; 
(‘hlurbeiizene, near 132 C\ {270- F, { , tiiou ti.e nia. n' h :. .ra:’ I S 
■ 3oS- F. ) , Wiiile liipheiiyl oxhle i-eiiiains in ri.e srilh The 
poirii is 259' C. {498'' F.e The re(*overy of n'neni i is le inrly t:. - 
reiieal one. 

An atteni|)t has Ijeen made to Irvulrcdyze i.H./;izene snif'^nie u -:.: 
a^.aleous caustic/'^ under pressure and at elevatei.i. teii.p«::ru: : 

clilorbenzene inethod. 

It has been ])ropose*d to make ].)heiiol from bcn.zene by - .hfnr tr 
aeticjii in licjuid sulfur tlioxide.*^”’-" 

Uses. The main consumption lor |)heiiol is tlie syntueric resin ::ri 
A sizeaijie quantity serves as disinfectaiit and preser^'iLiive. while 
4 million pounds a year are the starting material h:;r the iiianuh 
of })harmaeeuticals, such as salicylic acid and derivatit'es, a:.ii dye 
Hiediates. 


c 
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F" ORMAl-DKII VDE 

Formaldehyde, CFIOFI, is a gas whieli is very soluble in water: it is 
this strong solution which enters the market. Formaldehyde is made by 
the partial oxidation of methyl alcohol catalyzed hy eoppe-r gauze, tiie 
eontact agent very generally employed, or other agents. A mixture of 
air and alcohol is necessary, and is provided by bubbling air tiirough 
warm methyl alcohol placed in a copper vessel fitted with steam coils. 
The air-alcohol mixture passes a dephlegmator held at 40' to 50' C. 


"*ZJ. S. Patent 1,824,S67 
U. S. Patent 1,789,071. 
V. S. Patent 2,007.327. 
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(lOY- to 122^ F.) and tlieii enters tiie converter. This vessel containj^ 
ti iiiiinber or coi)].)er tubes in which rolled copper ^auze in form of plutrs 
is placed throughout their length, usually with a glass lining, for easv 
removal. In the installations with copper gauze, the temperature main- 
tains itself at 550"^ to 600° C. ( 1022 ° to 1112 ° F.) by the heat liberated 
during the reaction. The gases leaving the converter contain formalde- 
hyde, some methyl alcohol, hydrogen, nitrogen and water. They musi 
be cooled suddenly in order to prevent side reactions; this is accom- 
plished by passing them at once to an absorber, where a cool hydrous 
solution meets them, and at the same time abstracts the formaldehyde. 
Tliere is formed a water solution containing 30, 35, or 40 per cent CHOH 
by weight, and some methyl alcohol, esters and iiiethylal. In a secondi 
absorption vessel, methyl alcohol is retained. The outgoing gases arc- 
scrubbed for small amounts of alcohol, the weak solution concemrated 
in a column still, and the recovered material used in the process. Tiic 
crude formaldehyde may be refined by a distillation. 

Operating as just described, the yield lay between 60 and 65 per cent. 
It was found that by maintaining the reaction mixture neutral, the 
formation of by-products is decreased, and the yield correspondingly 
raised. The neutrality is insured by feeding a small amount of ammonia 
to the entering gas mixture.'^^^ 

The explanation of the reaction is that, first, the methyl aieohol 
molecule is dehydrogenated by the metal. ISText, oxide formation by the 
metal takes place, and this is the function of the air. Tlie oxide rc-aets 
with the hydrogen, removing it from the system, thus allowing the dcliy- 
drogenation to proceed further. The water formed leaves with the 
formaldehyde. The net reaction is 2 CII 3 OFI 4 - Oo = 2 CHOII 4 - 

A catalyst consisting of iron and molybdenum oxide has been founEl 
to be very effective; the molybdenum possesses directive power, wliilc 
the iron has a liigh activity for conversion. A lower temperature ir= 
sufficient. 

To copper, and other metallic catalysts, two substances are poisons 
in the formaldehyde reaction; they are acetone and water. For this 
reason, synthetic methanol, furnished free of acetone as well as anhy- 
drous, is to be preferred to wood alcohol. With vanadium pentoxide as 
the catalyst, however, methyl alcohol with as high as 5 per cent acetone 
may be used, without loss of efficiency. The teiiii^erature, moreover, is 
only 225° C. (437° F.)*^”; in all cases, the lower the temi:)erature, tlie 
higher the yield. 

It w’ould seem simpler to hydrogenate carbon monoxide to formalde- 
hyde CO 4 - Us = CHOH instead of oxidizing methanol, which itself is 
made, at least in large part, by hydrogenating carbon monoxide. And 
indeed, several proposals have been made which embody this principle. 
In one of them,^^ water gas made from wood charcoal is passed over a 


^ U- S. Patent 1,738,745, quoted tbrougii 
organic compounds in the vapor phase,” !N*ew 


a-r xj. S. 

tr. s. 


Patent 1.383,059- 
Patent 1,824,896. 


Xlarek and TTahn, “The catalytic 
York, Chemical Catalog Co., Inc., 


oxidation oi 

1932, p. 14S. 



-Vf I* ■. 

' “ r . , 


r-X- ; 

- ■ ,f - 


7 ". XTII ET !(.''- EESIE’S, PIIKXOE, i'ELIJ'U'jIE. CAshiE 

at 200' to 300 C. *392- to 572^ ¥.■ t, orf - 

XiiC ratalvst i‘o!isisrs o: tLo oxi^ ;:z i::::: 

•' -eiitoxi* k- and ciircaniiiin oxidt* and di^Lt * *:a:a‘Of ru- i-ai'd;.. ’vk 
rxnt.Tinr:^ cd silver, zine. oadiniiirri and pla'iz^nn: d 
r-aiT>. Itapid cocjling of tlie aases leavino: ia^n^' 

-pray, for example, giives a ir^jod yield < i k:r:aak'k: 
allows as an alternative the pa^-imr of rla- fi.rznae 
:norc hydroacn to another catalyst in which the rnili 
nate, there to form methanol. 

The reaction CO -h H- Cli^ dl — 0.7 (dah i- 
while CHOH -f- H- = >11 H- 27.9 Ca: is -os nalv 

Xatiiral aas has been made tlie s«.;urce :^:r the v 
furniah.iehyde ptnd merliyl alcf di-oln''" 

Formahiehyde as a by-product is Oi:>ta:::ed by t: 
panics incidental to the removal of ox 3 ''aen fr:.,! 
icssseri corrosion. The materials removed in rdhi- Ttr 
maldehyde, methyl alcohol, anri other aldehyde. Thi 
e'. .miiiereially important . 

Formaldeliyde is extremely reactive: it- use- 
miineroiis. It. serves as an insecticide tiznl 
tiS a chemical rea.^ent in synthesizincr creranie C4-.::;r>o' 
ing fluid, as a liardening agent for casein: its m;;.st :m 
standpoint of tonnage is for the manufacture of >ym 
The yearly ])r()duction of h-jrinaldehyde s:.::.ititct : 
viilued at 6 cents a pound. 

Otl:er raw materials for synthetic resin.s will : 
lu'oper heading, or by consulting the in<iex. 
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PVKOXVI.IX Pl.AlSTICS 

Pyroxylin contains nitrated cellulose, wdti. 11 12 p.-.-r e:::: r::::" X'-n, 

while gun-cotton contains more highly nitrated ceIIuI->-e. with in re 
rlian 12.5 per cent nitrogen. The manufacture of pyrrxylin ezt l it- use 
in lacquers are presented in Chapter 31: it is pyiu'^xyliii as a 'da-tic vrhi^d: 
is of interest in the present discussion. For rh:< ptirpose, camTd.r-r an : 
castor oil, for exam]:ile, arc worked in, givina ilexible pyr wylin -hte:-. 
A well-known pyroxylin idastic is CelluloifI: other trade na:::es are Fiber- 
loid, Viscoloid, I.eatheroid, Pyralin. 

C clhdold is a solid which softens at 75’ C.. so tiutt at trait tem- 
perature it may be pressed, twisted, sliapcd in many ivtiys, to forms 
w'hich after cooling are persistent. It consists of nitrocellulose ;2 parts) 
and camphor (1 part) ^ with one or several other substances added to 
stabilize it and give color. An early formula was: 


Brit. Patent 295,356 CAiig., 1927), by the Empire Gas, Oil and Eenriing: Ctj., Oj'ir.ti?: 
Oklahoma- 

The name was coined, by the HTyatt brothers; Jehn "We.-tey Uyrjit* t- xr-k j.ut ri'Liny pi-t 
for example XJ. S- Patent 88,6^ in 1S69. In that day. the dev-tdopment vd ti.i' nevv' vv 

greater sensation than that of the synthetic rcjsins have been in the pasr flecude. 
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Parts by wt 

Camx)hor or camphor oil 20 

Castor or linseed oil 40 

Xitrocellniose or ‘'‘x\dodine'‘’ 40 

The method of preparation consists of mixingr the water-wet nitrocellTi- 
lose with powdered camplior, sprinkling alcohol on the mix, and knead- 
ing at a low temiierature for several liours. At this lower temneratiirf* 
(35"^ C.) the operation is safer than at the higher temperature necessarv 
for drier materials. The resulting mass is soft, and by heat and nressure 
it is formed into sheets^ blocks, and other shapes. 

Pigments are incorporated during the kneading; zinc white for exanmle 
gives a white resembling ivory. For transparent plastics, urea is added 
as stabilizer (antacid.) ; in the white Celluloid, the zinc oxide is both 
ment and stabilizer. 

There is another method practiced chiefly in Europe, in whieb. an 
alcoholic solution of camphor is allowed to stand over pyroxylin, and 
after some time all are mixed under heated roils; the solvents are recovered. 
The soft mass is shaped as stated above. 

Camphor not only plasticizes pyroxylin, but robs it of its explosive 
property; the i:)lastic remains flammable, however, but hardly more .so 
than any other combustible material. The shaped articles must be 
allowed to season in closets at 30"^ C., until all solvents have evaporated. 

A special kind of pyroxylin plastic is used for the manufacture of 
moving picture films; the camphor for this x^^^T^se is usually xourifieci 
by solution in alcohol and filtration; the formula specifies a higher pro- 
portion of pyroxylin which is dissolved in methanol, amyl acetate., and 
other combinations of solvents, to produce at once a thick solution low 
in camphor (3 per cent) . This solution is fed to a large cast-iron wheel 
(15 feet in diameter and larger), perfectly balanced, with its 18-inc*b 
face silvered and polished; the wheel turns slowly, so that the licjuid fe'l 
in at one place dries sufficiently to permit removal before a whole revo- 
lution has been made. The film is continuous, and wide enough to give 
a number of strips of the standard size (32 mm. wide) for moving- 
picture cameras. The film base, after suitable drying, is coated with 
the gelatin carrying the silver salts.^^ It is not plastic, but it is flexible. 

There are a mimber of other formulas for pyroxylin plastic films for 
moving pictures. In addition cellulose acetate film, which is not flam- 
mable, has been introduced. Eollowing fatal exiolosions traced to stored 
X-ray films of pyroxylin, tests were made with cellulose acetate films, 
which showed them to be essentially unaffected by the temperatures and 
length of heating which produced exx^losions and toxic gases with the 
pyroxylin films. 

In order to reduce the flammability of pyroxylin plastics, denitration 
has not proved satisfactory, as it interferes with the plasticity of the 

« Chapter 37. 

'^‘Jahresbericht VTI der Cbemisch-Tech-nisciieii Heichsanstalt,*’ Berlin, Verlag Chemie, 192H. 
pp- 90-111. 
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ACKTO-CKm_r'TA>^'K Pl.A-TIC- 

Pressing iLe ]:)yroxyiin plastic are the lilastic- iiai L 
acetate, in which jolasticizers. solvents tnid s.hienerT- 
produce a plastic, iiighly trans])arent to iiaht wave-. P;. 
and ]nuving ]:>icturo films may now be obtained eit:e*r ^ 
plastic, or on iiitrocelliiiose plastic. Tiie acetate celrd.j 
:narkedly rlaininable ; it is ti “saft^ry liln:.'' in 1935, 
dii<*ed 10,504,003 ])C)iUids of (‘ollulose acetate ph;>t:.a 
rK.nnids of iiitrocelinlose or pyi'oxylin pdasr.ii*-. Acet-.j-ce 
Tiseti as a lacinier and coatina, as well as in -Leer, rt'*i lx 

Camplior. Xatiiral caitiidior is obtairted fr^jn: tie 
La'LirUi>- cam pho7'a . which grows in Japan, arni iii Por.a.e .-a 
h-rably 50 years old, is choppeil smaih and :>oiled with 
rate; the escaping steam carries the caznpd.sir away t. 
where the caiiiTiiior forms a crust on the cora.leii-ed "vi: 
!i:ate!*ial obtaini'd is ]n*essed fre€" of the great4*r p^cirr ev' : 
and purified further by subliinatdon. 

Besides the* Uiitural cam]>hor, symhoric cazinda-r is 
rnadie, in one method, by heating anliyilrous tur]a-i.t:n 
oxalic acid (\ parts to 120^ C. ^248^ F.j ; rlie material id; 
distilling consists of borneol CioHitOH ^ an alcohol » and Ci 
A treatment with sodiuin bicliromate and sulfuric acid chi 
into camphor. Synthetic caiiiplior is luaile in the Unit 
rate of many tons a. day. 

Statistics arc-* given in Table 70 for ri.e three gia 
imported, crude and refinc^d natural camphor, an<i synt: 



Tabi.k to . — ('am I m 

Pouiias Viiisiir- 

Criide iialiiral camphor 1,541,936 S422.I33 

Kefined 1.256.27S 499.350 

Synthetic 925,896 321.021 

Instead of camphor, other substances have been successfully used as 
plasticizers for pyroxylin, particularly tricresyl phosphate, a liquid, and 
triphenyl phosphate, somewhat dearer, a solid. 'They are made by lieat- 
ing cresol or phenol wdth phosx>horus trichloride- in the presence of 
aluminum chloride. 



o\ o 
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Caskix 

Still another plastic is casein plastic, oi whicli Galalitli is an example. 
Tlie raw material is casein, the white curds which separate from skim 
milk on addition of lactic or acetic acid, or of rennet, an enzyme obtaines] 
from the calf’s stomach lining. The rennet casein is higher in ash con- 
tent (7 per cent) than the acid-precipitated casein, and is preferred for 
the manufacture of the plastic. After precipitating the casein, there i^ 
left in the milk liquor milk sugar and albumin, which may be recovered. 
IMuch of the casein is imported, in the form of dry granules. 

In order to prepare the plastic, the casein is powdered, mixed witL 
a coloring matter or a filler, moistened with enough hot water to form 
a dough, which is then i^assed between heated rolls to form sheets. A 
number of sheets may be pressed to a block or other shape, while rods 
and tubes are made directly by means of an extrusion machine. The 
shaped pieces are placed in a solution of formaldehyde, which ‘‘sets'' 
them, that is, renders them as hard as stone; finally they are dried in a 
warm closet. 

The most imx3ortant outlet for these hardened sheets is for the button 
trade. Very beautiful results may be x^roduced by incorx^orating a yAz- 
ment in the original mass, shax:>ing the button, dyeing it on the surface, 
cutting a design which exiooses the body color, contrasting with the surface 
color. 

Casein is used for many other i:)uri:>oses, for example as a glue and 
for sizing paper. 

Vulcanized fiber is x^i'^^^GUited in Chai)ter 22, under cellulose. 

The relative value as insulators for some of the substances described 
in this chapter, with some common substances for comx:>arison, is shown 
below. In the choice of an insulator, such other ciualities as resistanct* 
to heat and meclimiical strength must be considered. 

Puncturing Voltage per 
ZMillimetcr of Thickness 


Fiber red 2,000 to 10,000 

Phenol resins 2,550 

Hardened casein ijlastic 6,000 

Glass (eoinmon) S,000 

Celluloid 15,000 

Hard rubber 15,000 to 3S,000 

Mica 28,000 


Plioform. A new type of x^lastic is made from rubber and sold 
under the trade name Plioform. It requires no vulcanization. It offers 
the acid and alkali resistance of rubber and is tasteless and odorless. 
It is iiroduced in all colors, in translucent and transxoarent form. 

Othkr Patents 

LT. S. Patent 1,946,040, catalyst for the nuclear chlorination of benzene com- 
pounds and using same; 2,068,926, method of making artificial lumber by incor- 
porating synthetic resin forming ingredients, such, as urea and formaldehyde; 

In part from. “Marks* raeclianical engineering liaiid'book,** McGraw-Hill Book Co., 1915, p. 1S97. 
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.CrjO.l^S. on Huluwax; 2,009.17S, in-.^rhrjd o:* 
r :■ ■’‘-i t.l:e!'eoy ; 1.79o.ol0-2. on -yii'L*' 

.::: yh-nol iiiid g:Ii:oo;^e ; 7 , 753 , 0 : 30 . n cho-.:' 

von.p^.':^ir ion. lor coiiirnnniT ? jr;< ; I,0i9^5S. 

; 1,S0G.79S, j/ror-v '-- fr>y i^i-kinn i 
.‘:.r l.S5i.754. iin::i i: i:ro t:: ^ 

■n:;vcr %vi*h vaz:i:!.diuiii oxi^.i!:: uri»i n rro::^: :^ ?n 

;.:n :iii.‘th:ino! ; l:$rir. PliT. 34 5,790, iron o-orho: 
,-:nT-5 I'Mier-r life to *ho silvor ir^iiizc 

1,705,493; 1,39S.146: 1,592.773: 1.705.40: 


eoiiipound,^" in eireuiaiory lubuiLir 
by pas-iir^ iiietfiuriol im^i air in 





1. T;ik:ini: ilio : r<jn*t. siii:‘o ihr- ph»^nol-:'.^i-::i;0d . i. 

aivon in tho text, whar will Ijo tViC: weiahi ci in- 

yi: id SS j f-r cv-nt and notliing: i> lo^t extreyi. tho w.r 
;n th.- :’o!-ni:i idf ? 1000 Ib.^. c: phenol an.- t:tken. 

2. A ^hiprnr-nL of 2500 of e.sTf^r GT'am i.- n-::. 

aiycciin trirer^inaie. how i:nieh ^b’C'erin and her*- r:.v: 
zlyc^rin ir^. OS cent, un^i tiie ro-in 95 ja-r -‘.-Tit Ah 

‘ 3. Ir i;~ required to make iOOO r :.urnb af : i.^nol 
•.'iinviu-rion be- 100 r-ei* cent, iiow nu.a-h .-rd'.ri.- ■:•.•: i« 

'f chlorf.-br-nzf-ne, the chlcu-imiTion of L*e-nzc-nf- leads 
uiueh (-hlor'inr- in pounds and r>eiizrni> in aa.lar:- a,:-' 
r.zf-ue 0.S79. In the recovr-ry of the h^'droahier' 
90 JUT 4*!*nt of the* amount Cfvoivc-d i- ar>.<or: ?‘..-d, tiie r 
' .*1 22 ~ j^e. aedd will bo collocte<i? Arisvmrs : 125.7 a'a’d. 



from efiiorbenzene. lut-t : 
needed? In. the ; 

^ a 90 ’■ ’ :■= ./ .e.'-" r’-* - j.. 
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4. To make 1000 jLradlons of for:ri;ild« -hy-de- s-.-lurk:: of 40 : '-r '^'ru C:i M 

den.'iity 1 .12S, from methanol by air oxiiLatien. li.r.v . u . f. 

ru-fu-ssa.ry, if the yield i.s GO pc-r cent:? Xh.e me:h;,:'. i- i - ■ -y ^ 

if C<d and Hi:, which ^i'S’es a rc-coveiw of ICO rer e:-n*: wi...* w-. iai. * . rt t f 

ll'v is rr-quired to make the required amount of merl:.::.- ;1 ? An^w - b' 

s3:h3 liw. II»- ^ To make Ihe^sarno 1000 craHons of fornndd. h;.-d- uie by f:' -u'- - a 

rnonnxid^^ and li \a iroet'n, wliat w’eitrhr of hydr:rz:t'-n an-i :.f a jr- ■ >u m e X- e '■.v : 

ru'C'df d if the re-cove'ry i.< Ca) 60 iser cen: ; ' h' S;j : r 
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^'Formaldehyde condensations with phenols and it.s iicmolojrues/' X- J. L. AIec:;?ori 
and A. A. Drummond, J. Soc* Chem. Ind., 49, 251T (1932). 
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the modern synthetic resins which arc of interest to the varnish makers, by the- 


technical designation. 



7'fi^ oj icm/i'nfj /'4 (ichf filte^ost far hcirl: 4i.< //;-=' A nf 

ifi : rorr- "ffizrcd v'lth ?r, fia: ^^rtcrtr^: of rAr >*// -is 

f-: f • r ff- f ‘ L 


past fiffy ycars^ ch^ tn istry has farn>sJt4-d thr fa/aa r 


■A r 


I/i the r I'f (p tai>h tafaf-. hra . rJs 

i^t'i'fafss, 7 \i'i' fi > sTi f. f I Cl pfUrt if'il 4 .r rila si a t ii.ai oi /.A 
af feuDihit^ arjenfs, cr/ai aa thod.^ fnr fcr^fhp: 
tia' str:ps iyi the utana fc f't a , Wlrh tie a-- 
the thff(: nqua'id for the rfyctahlf tac!}>'‘aa 


i i* :■ ■ S i ,- “ a /: f 7 .*■ 

■ ,'(' a h--: y\ . 

f / ,. f ■ tl> 

■•/ ^;r 


?/ 


Chapter 36 

Leather, Gelatin, and Glue* 
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to the warm solution, the.* -La^lathi is pr 
wlAiai has lieeii lieateh longer in the water: 

!oe!-e sticky. 

The skins of IjuIIs, (n)ws, (jxen, iif.‘if<-rs, ar.et 
I'or tiic larger sizes; tlie hist thrc‘<:^ ciive the 
!':-ati;e2’. Tiie skins of she(‘p into ^a'oars, tt? a 
kai:,^aroo and certain s}ie(*ies oi seals, tire* u,-(:*d :o!* 
ciive the softer leathers for shoe iin}>i‘rs a’ud Th^^ skin 

aiMi tlie pony is also niade into leather, but is o.: siimll r* 

Witii unimportant except i«)ns. skins may 'do >aid . h - 
of the meat industry; the aniiiail is raised, iin^l \tiXo: 
and incidentally, its skin is saveal ami sf'.hl to t t- 
a I'sriinary product, leather wouhl ’oe much da-a!‘^*r. 
carries with it also certain penalties, in that the : 
dama.ees the* best part of tlie skins ]>y brmidin^^. i 
insects which perforate the skin, and is at time 
■fiaying i of the skin and in its curing. 

Tlie skin has an upper thin la.yer, the epiderzrds. w'idci 
small depression the lia.ir follicle and tlie hitir itself, 13elr 
iierma, or coriuin, many times thicker than the epidermis: it is rlie m:e 
leather-forining substance. IXIaking leather means removing t-ie i.air 
and the eyiidermis, cle.aning tlie flesh side from the under skin, and^ treat- 
ing the eoriiim so that it will no longer be susceptible to bacterial tkeay. 
T!ie coriiim ha.s a fibrous structure; untreated, it will absorb waten* as 
gelatin does; in fact it is at least 85 x:>er cent collagen, on a dry basis, aricl 
collagen with water forms gelatin ; the tanning renders the eoriiim 

, * Gel fit in and kImc in collaboration witli Xlr. IT. I~. l.ieiiTeiifter;. 

rv;it.T.<.’ri,oloe:i:<t for food and dair>" products, Buifalo. X. V. 
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fibers water-resisting, within limits. Skins are not uniform in thiekne^c 
throughout their area; the thickest part is at the butt. 

The skins of the seal, walrus, and porpoise have been made into a 
leather for many years; within the last 15 years, the skin of the shar> 
and the ray has been utilized in making leather. The shark carries & 
calcareous coating oi^er the skin, known as shagreen : this is removed,- 
from there on the tanning is similar to that for cow hide. 

Two main divisions in tanning are observed, chrome tanning anr; 
vegetable tanning. Chrome tanning is more modern and requires less 
time; it is used for the smaller skins, the "'kips’’ and "skins” ^ of the 
tanner, which are made into shoe uppers. Vegetable tanning is used for 
sole leather and leather belting, also for the smaller skins to a certain 
extent; it is a longer process, four months would be i-apid. In chron-e 
tanning, five to six weeks from the hide house to the warehouse i- 
customary. 

Preliminary Treatment of the Skins. The skins are received ii; 
the hide house in various conditions. Fresh skins from nearby slaugh- 
terhouses have received a treatment with salt, rubbed on the fiesh side; 
skins from South America are sun-dried, as stiff as boards. The bundle- 
of fresh salted skins are opened, each one examined for defects, an.; 
the ends which would not make leather, such as ears and hoofs, are cu* 
off and sent to the gelatin or glue maker. They are then scoured to 
remove salt and dirt. The dried skins ^ are soaked longer to restor- 
them as near as possible to their original condition. 

Liming is next : it is done in pits flush with the floor. Hides require 
7 to 10 days to pass the pits, of which there are usually three; while in 
the pit, the hides are occasionally handled. The effect of liming is: 
loosen the hair and epidermis; fo, to swell the corium, which results froi;: 
a division of the coarser fibers into its constituent fibrils; c, to emulsify 
or saponify the grease normally present in the corium. This effect i- 
due partly to the alkalinity maintained by the excess of lime, partly 
to its hydrolytic action, and partly to bacterial action. The liming for 
the kips and skins requires less time, 1 to 3 days. Sodium sulfide.. 
ISTaoS, is sometimes added to the lime suspension, as it acts much faster; 
or sodium sulfide mixed wdth lime and water to a thin paste is painted 
on the hair side of the skins, these then folded hair sides together, and 
piled on the floor over night; the next morning, the hair is loosened. For 
certain sheep hides with valuable wool, the paste is painted on the flesh 
side, folded flesh sides together, left piled over night, and the next day the 
w^ool can be pulled out as if it merely lay there. 

The hide or skin is then ready to be scraped (beam-house work), 
formerly by hand, over a beam; now in a machine with spiral knives 
which rotate fast against the skin which is moved in slowly. On the 

1 U- S. Patent 1,338.531. 

-Hides are 25 sq. ft. in area; kips between 25 and 15 sq. ft.; skins less than 15 sq. ft. 

® Such dried hide or rawhide is durable; for instance the tabernacle of the hratter-day Saiais 
at Salt- Lake City was constructed, with rawhide strips instead of nails in 1850 and. is still in daily 
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■.-:r the hair aiid e: »id<L^riiiis are I't-ra? >\'f ‘d. ; = -i: t; 

.-iheriii^ panicle ei flesh and tl.e under--kh:. Th^.- hid 
h-m. rriioiildei* and belly pieces, or iner^-dy in iw;^: rh« y 
n.e lead.er is to make belting for machinery, :*:.*r vvni«*h e- 
in 7;i.->siij:e is desired- The skins are licxt dehi-n-d in. " ; 
ann:--: aiium salts), or in an aei«i hazh, Cf jn^ainiTip: ha-”:?-, ^ 




Vegetable Tanning, Sole Teatiier and Belting. A:: n h i 

’,A‘a-hiiig. the Ihdes, now calk*d pel-s. :'i.*ady h-r nn.nh 

are suspended from a wooden stick in nearly ':)vn‘ tminiaj: 
iai=ved tip and down a short distance bv a n:e<d:a.:ilca’ r....ck-:..r : 
or TWO trlays, rlie pelts are moved to ti seci;;n^i pi-;, c-.u-tain::: a 
stronger liquor, where the rocking is by Land a.nd h — s ir. ’o 
oelts are moved to a still stronger pit, always : ni-t : 


■t' rh: 


reaov :o 


e strongest tanning liq uj.a's. 


lo'-e ari.* 


< 1 


add norizoiitaliy in a pit, with erusneti 
when all the pelts are in, the liquor is itin in fill tl.e : Th- p'-l:- 

remain in such liquors for periods of two, ti.rev. or m ■:!. ' .dw. 

.-rrveral repackings. Tannin is absorb<*d, and aihl- the v' -Irdf f *d - 
K.-ather. The period lias been shortened by pia^dng md*’-, Ih/.: v. - 
hark in a wooden drum and rotating it. 

On removal from these pits, whicii are called “lava *. t,y- 'd w.-- 1 an. 
b washed in warm w'ater, the tvrinkles smaorhed m,n a:: ! X 

it is stuned with oil (^r grease, eitiier ]#y hand r by n.ardd:.- : h 

ii,-aTher receives only 2 per cent grc-ase: b^-lrdng lea:l..“.-r S *. i hj ; ■- ^ 

hitmess leather 20 to 25 per cent. 

The tanning materials vary in tannin e^inti-ni :r ‘:.i ;.-l y- r -m 1:.. 

chestnut \vood to 30 per cent in the drie*.I myrobalan fruir., Tb- -m’l:> — " 

tanning agents were hemlock bark or oak l>ark: as :hc rr-sT :^..-vl-. 1 

the tanners moved from the modest original set tlenn-nr ? n Ara::baT*an 
Island in two general directions. The tanners tisinn* ' ak h^ark 1 

into Pennsylvania, A^irginia, West Virginia, Xorth Char : lima a:* d T 
nessee. Tlie tanners who used hemlock bark moved to iLmn-r Xow A’- rk 
State, Pennsylvania, Alichigan, and nortlierii Wisconsin. (dci-e:‘ arca^ 
have been added; in the Southern States chestnui: wood has bv,e-nne an 
important tanning agent. In addition to the tanning maTn:-r:aIs pr o; -m'. 
extracts are made and shipped long distances. ^ This lias been ah ibe 
more welcome as otherwise the tanner must make his own extracts. 
Chestnut wood extract is a liquid and contains 30 per cent tannin. 
Oak bark and hemlock bark each contain 11 to 13 per cent tannins: 
mimosa bark from India contains 30 per cent. Tiie quebimelio tree of 
South America has 20 per cent in its w'ood: an extract is made %vhier. 
contains 60 per cent^, a solid. The materials listed in tills ptiragrapli 
belong to the catechol tannins; on heating them, the parent substance 


See under clrirome tanning. 

P Tiie spent wood cliips have been utilized as a source of ceZlalc^ti- fr^.z 
products, or, as in the Bergius process CChapter 16 ), for h3’u.rrjlysis to i-., 


p o-p e.r a. n jL s iin ::x s.r 
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catechol, 1,2-diIiydroxy benzene, is obtained; with iron salts, tliev 
a greeii'black coloration. ' 

Another gronp of tanning material are the pyrogallol, 1,2 3-trT- 
hydroxybenzene tannins, which on heating give the parent substaiv"*. 
l^yrogallol ; with iron salts, they give a blue-black. The nvroeal'o^ 
tannins are accomiDanied by sugars which on fermenting give rise ?• 
organic acids; the catechol tannins have no sugar; it must be added 
To the former group belong: myrobalan dried fruit; valonia, the acorn 
of the oak tree of Asia ]Minor; and the Sicilian sumach, with about 30 
per cent for all of these. The tanners of Great Britain rely largely oi: 
these importations- 

In addition to the natural tannins, synthetic tanning materials have 
been introduced, and applied successfully. Cresols, naphthalenes, and 
higher hydrocarbons are the ra-w materials for syntlietic tannins, the *‘syn- 
tans.” When cresol is sulfonated a sulfonic acid results; this when treated 
wdth formaldehyde condenses to form the tanning agent, Xeradol D. 
polymerized or polycondensed dicresylmethane-disulfonic acid. It is a 
dark viscous mass, which is diluted, and loartly neutralized before it h 
applied to the skins. The analogous condensation product from napli- 
thalene-sulfonic acid is ZSTeradol jST, after dilution and joartial neutraliza- 
tion, ZSTeradol XD ; it is polymerized or i:yolycoiidonsed dinaphthyl- 
methane-disulfonic acid.'* Ordoyal G is a similar product with a higher 
liydrocarbon as starting point. 

These agents are true tanning agents, in that after application, they 
cannot be washed out, and in that the leather is heavier than the pelt. 
There are agents w'hich penetrate the leather and become fixed, but on 
washing, the original equalities and weight return ; such agents art- 

best named xoseudotanning agents. Examples are fatty acids in organic 
solvents and aluminum salts. 

Chrome Tanning, Chrome tanning is ax3x:)lied chiefly to the smaller 
kix^s and skins ; on leaving the deliming bath they are bated, in order 
to reduce the plumbing which liming has caused and to render the grain 
smoother. This is done in a bath containing ammonium salts and small 
amounts of pancreatin (mainly trixDsin) . The effect of the ammonium 
salts is to reduce the pji of the belt, and thereby their swelling. The 
addition of tlie ammonium salts is regulated so that the skins are brought 
to the optimal range (7 to 9) of tiwj>tic digestion and the removal 
of accessory hide xoroteins is thereby facilitated. Smoother grain and 
better ^Teel” of the final leather result. The x^^ogi’^^ss of the bating is 
judged by the feel of the skins; skill is required to stox:> it at the proper 
time. Next the skins are pickled in a bath of dilute sulfuric acid wbid; 
penetrates the structure and prepares for the chrome salt action; common 
salt is added to this bath to overcome the shriveling action of the acid. 
The skins are folded together and a number of them pressed free from 
vrater; as they leave the hydraulic press, they appear dry. 

® *‘Th.e irwiiistrial application of coal-tar products,*' H. IVI. Bunbury and A. IDaviclson^ 
York, II>. Van Nostrand Co., 1925, p- 142. 



LEATIIHR, aHLATEW AX IJ a WE 


6.19 


Izz rhrcsiiiO taniiing a 


^^alt of (.*hr« jniiiHn tako 
tannins. A rlist incrion is made between 
tvve-r>ath tyi'^o. In the oiU‘-}>atli: tyrnr lat 
=den drum with a eoiu*enrrar<'<l solution of 
^ride ; the di'Uin is rotateri un' 5 to (i iiOTirs. 
nintt. A quiek test is to Ixul a small nief-e in 
::e tanninp; is eoninletea the sbar>i:* will nor }.?e 
tyj^e the skins arc driiinmed in n soiutio/ 
and hyc h'«K*hh>ric acdd for 3 hours; they tur:; y*r. 
a.iuhi be washed out. In order to fix it to the fil 
ri.iostiifate diy])oj acddiiled with hy^riroeiiloric* a^ 
and left tor 4 hours; at the enri of that time, ria* 
..::t ttndi. pornitmciitly trs.nne<l. The nrofiiiet fro.u 
in a hath esf borax and so^Iiuni IncarixinaTe ; ihi 
water rinse. 
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A eominonly canployed elirome lifiuor is mjido l.jy redneima a: ndn* '::’^- 
of ATirCr:i 07 . 2 iI:iO and H:iS( >4 in ociutil |>ro]>4,>rtior:s„ wi"h ylu-- -(■. .\:a ri.--: ■:■ 

n'ay, considered tlie sinir)lest and safest to ti<'coiripl:<h :id> red"e ■* i: n. 

}>y passing: sulfur dioxide into a s<.duti<?n of so.diun: h'iohro.a'iaV',:-. 

Tiie two-i.>ath systeni ha<l }>eeii patented some >e.-:tr> ;hef=?ru' by A. 
Seiiultz and while modified in CT)untless ways, is still 'r — seiw i-id 1>' 
first ]>rcs]>osed. The amount of dichroma.ee a< ' rA ^ 5 y^. r 

i-vnx ai tiie weight of the skins: to this is ac.ldi^d an a.:.r/’.;m ^.f hye:-. - 
rhioric acid insufficient to liberate all the chrondc arid; 2^ : v-r r-m 
rivdruchloric acid is used, wliile 4 per cent w'ouh.i \pir required, h, rn in 
ttriiis of 30 per cent HCIL Tor the second hatli m: a. imprint ih:n. 

thiosulfate, Xa^iS-O-.oIT-O, twi<‘e or three times the wTdch-*: of rio.- di^d.r' 
ate is taken. An equal w'oight of potassium ditairoimm.- :na.y 'o-.- -nh>::- 
Tuted for the sodium dichroinate. 


The goods are dried and may then be splii if rf.-o.ri:r« d. >yl:^- 

are cuttings made by a knife resembling a band saw, ke^u -harr. i5\' j - 
stant contact wdtli an emery wheel: tiie k'-ather is fed in iw it. n-nn.: 
rate, grain side up; when c.>rily one split is mas.Ie, the upi>ijr pi^es:- :rav^-A 
on the table of the machine/* the lowtu' one drcjps to tLc fiwor. \\':rn 
thick leathers a number of splits may !>e made. Kaci^ split has ti e same 
area as the original piece, but is thinner. The split veith tiae grain sur- 
face is made into shoe uppers; the other may he laadie into i;iridtui>/ 
leather, cheaper gloves, and traveling biig linings. If the leat^o r is to 
he dyed, the dye is added to the fat-licuior, or in ii subsefrutni i>atii- 
Logwood, in coniunction with direct blacks, is largely tised for idaek. 
and acid dyes ^ for other colors. In order to produce a high gloss, so-calle i 
finishc-s, that is, pigments suspended in binders mainly consisting: of 
acqeuous solutions or emulsions of casein, albumen, shellac and vraxe-, are 
spread on the leather, and the piece is polished by friction in spc^eial 
machines and then placed between hot plates. 


^ Invented in 1809 l>y Samuel !Parker of Xewfauryport, \Iui-ar. 
Chapter 26. 
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Sole leather is rarely made by the chrome process because it give- 
lower yields than the vegetable tannage. Further, chrome sole leathe^ 
loses its shape and sometimes gets slippery. Vegetable tanning increas-- 
the weight of the leather, chrome tanning docs also, but not to any greatp^ 
extent; the former is sold by weight, the latter by area. An automatic 
machine measures the area in one passage of the vskin ; the total area i- 
read off on a dial. 

Chamois skin is made from the inner split of a sheep skin, by the oxida- 
tion of fish oils in the presence of skins. The American Indians tanned 
the buffalo skins by rubbing the brain into the dried skin. Velour 
leather is leather finished on the flesh side. 

The by-products of the tanning industry are hair, which is used in 
plaster, and the small trimmings of the fresh hides, wdiich are used for 
gelatin or glue. 

Oeuatitst 

The animal skin and the bone contain collagen; as noted under leather, 
the corium of the skin is 75 per cent collagen on a dry basis. Bones are 
one-third collagen by weight. Gelatin is valued for its power to hoid 
many times its weight of water in the form of a semi-solid, called a geh 
and for its power to retard or prevent the formation of crystals. A 3 prr 
cent solution in water forms a jelly when cold.^"^ 

The skins used for making gelatin are rarely the perfect skins fit t'- 
make leather, but the trimmings in the hide house, and occasionally 
imperfect skins. The bones come mainly from near-by slaughterhouses 
and butcher shops, but also from long distances, such as heads from 
South American cattle; these often come with the horns attached. The 
horn pith gives gelatin, but not the horn proper. Hoofs yield no gelatii: 
whatever. Sinews and tendons are suitable. Strict government regula- 
tions govern the selection of raw materials for the manufacture of edibk- 
gelatin, and require laboratory control of all the phases of manufacture. 
Glue is made from the same raw^ materials, but no government regula- 
tions apply. 

Gelatin must be prepared with water at a temperature as low a? 
possible in order to prevent excessive hydrolysis, which is accompanied 
by a loss in jellying power. To that end, bones and skins are pretreated 
with lime which renders the preparation easier; it is done at 70° C. and 
in a short period. Glue may be considered as gelatin which has been 
hydrolyzed further; its jellying power is low, also its water- absorbing 
power (imbibition) , but its adhesive power is greater than that of gelatin. 

Bones are first freed from grease by heating them with steam under 
pressure, releasing the pressure to a few pounds just before opening tbe 
kettle; the grease floats on the water and may be run off. It is utilize:: 
in soap making. A better way is the extraction by means of a low- 
boiling petroleum naphtha, because there is no loss of gelatin-forming 
substance by this method. In many plants the bones are transferrer- 

s Gelatin with. pH = 4-6 acidit^r has maximum power ; ahove or below, it is Icffi. 
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■.jv^r Li DC'it conveyor wiiicli over tx 

ti.e turn oi tiie belt. Tiie bonet:? tiruii uii into a i*; ml- 

;::.; 4 ;e c^gratoi's v/iiere they arc wLile a::\’ 

carried a short distance on tlie under side of the belt 
:r.to a receptacle. Tiie crushed bones are hoisted to the 
f lover bv’ a bucket elevator and delivered tiirotiu:! civ: 
f.f a number of wooden tanks. These tanks ma^' he id varh 
lurge ones are 20 feet in diameter and 5 feet ileen ; f: .:ir mr.k 
haitery and are operated in series on tl:e cotint ercm'rei:- 
dihite iiydrochloric acid (5^ Be., 7.15 per cent HCh- znee:- ’u.e 
t-xi.ausred bones: while nearly spent acid overrlow- in:.-: :i.e tat.k 
:ng tiie fresh bones. The mineral matter of the bone, nininiv 
p'ujsphate and carbonate, dissolves, leaving the* orgurh-t :no.t:er. 
lagen, with the original shape of the bone. Ctdiagoit so or-'to:. 
hones is called ossein. It may be treated iiirtrter a: oo.ecn '.'-r 
TO a distant factory. The latter procedure is somer i.-'voo 
tiie ossein plant is located near a heavy cheinie;;.: Tdant. 
hydrochloric acid can be I'vamped tlirough glass I.:::es dirf-et Iv 
itssein I'darit, avoiding the rail transport of ti.e ae:-:i. 

Skins do not need the preliminary aci^i treanoeuT s:::c‘- 
:> not masked by iiiiner'al salts. 

The ossein is placed in 5-foot euVj>ical coriCre^^- v.-.: e: -.vh: 
are several imndred, with slaked lime ain.l water, aiifi k.-ft t:.:-. 
month or longer. The ossein swells and turns s:k>'v wh::c': ti_.' 
and albumins are dissolved, and any remaining grr..-a-e :s 
riic proper time,*^ the ossein is removed to a reuary tank and 
with four clianges; first tvith water, tiien with <lilure hy^i:‘....i‘i .1 . 

I lien twice with water; the cycle in the washer is one Ti 

is then ready for extraction. Skins are treated :ii the rrant-v tv, 
become translucent. 

The extraction of the limed ossein or skins is performed in 
tanks 4 feet broad and 4 feet deep, with a steam coi! un 
tom: the charge rests on the false bottom and thus does not evune in vlir 
eijiitaet with the coil. The wader is maintained 60 ^ C.; In S hours a :: 
extract containing 8 to 10 per cent gelatin is formed: it is filtered £ 
cooled. A second extraction is made at the same temperature, or a : 
degrees higher; a good strength is obtained; the liquor is fikereJ i 
cooled. A third extract is made at about 75" C., but this will be too wn 
to jelly on cooling, so that it is concentrated in a vacuuni to tlze jcdly 
strength. The third run is darker and has a lower jellying strength 
is still edible, but is used for its water-retaining power eldetiy, in mar 
mallow confectionery, for example. 

The reaction which takes place during extraction is probably 
follows: 

C3jQsB[i4jaI^3a.Oss ~H HhO = = OiaalHssxlS* ;rtOirj 
collagert gelatin 
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® If the limmg is eontixmed too long;, amsnoriia, Is evolvc^tg ar.id 
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Tlie filti'ation of the warm gelatin solution is done in a special ciren- 
la.r filtca-, shown in Figure 186; the filtering medium is wood pulp; tf,. 
scdiitioii passes from the entering space near the shell to the central dun - 
nel. In order to reach the central channel a considerable layer of wo^k 
pulp must be passed ; here the solution deposits the sus]:)ended partick- 
which cause cloudiness. The gelatin solution from the filter is placed h 
long steel troughs 6 inches deep and 6 inches wide, and cooled in refrig- 
erated rooms. The resulting solid jelly is removed from the mold 



Fiourk 186- — Kilter pre.ss for 
^ediilin solution. 


cut hy hand into strips one-half inch by 2 inches and 6 feet long. Tliesr 
are laid on galvanized iron or monel metal wire set in frames, stacked cn 
small trucks and shoved into tunnels 70 feet long through which filtcreii 
air heated to 40® C. is pulled by an exhauster. The gelatin strip dries lo 
a thin sheet which still contains about 10 per cent of moisture; this amourt 
is not removed. The strips are usually ground to a coarse powder for 
greater ease in handling. 

Uses of Gelatin- Gelatin is a food, easily assimilated; it is valuable 
also mixed with other foods because it disseminates the particles; with 
fats and oils it forms an emulsion which greatly facilitates the digestion, 
hence its rise with meats and in desserts. Its use in ice cream is due 
mainly to its function as a protective colloid ; it prevents the formation of 
crystals of sugar and water during the storage period, at the temperature 
of — 10® F. ; the proportion of gelatin suffici-ent for this result is 0.5 per 
cent. About 2400 tons of gelatin are used per year in the United State? 
for this x:)urpose- Its use in confectionery has been mentioned. All 
uses together account for a yearly consumption of over 10,000 tons oi 
edible gelatin in the United States. 





Fi<a'Hr: IS7. — F:ty-oiit of ii ‘rliie Ttlimt. (C'oin'Tfsy ef i C';::.. 

Cliictiso. ) 


ci-ntrateci liquor is congealed in thin layers, and these are tiried in a tun- 
nel di*ier. A ;f)reservative is added to the concentrated solution l^orax, 
loririaldehyde ) ; this cannot be done for eviible gelatin. 

Instead of drying the chilled strips of glue in tunnel driers, a new 
■niethod has been devised by Thomas K. Lowry, in wiiieli pc-lle^ts of glue 
are formed and dried in a continuous process, eliminating the tunnel 
drier and ail the hand-labor it involvesd*^ The 50 per cent glue solution 
is chilled, and forced through wire grills; a revolving knife cuts otY * scrapes 
the protruding lengths into small pellets of equal size. The pellets 
]>ass through a three-stage system of drying. The first stage operates 

I''a{’tory and Ind. liTanaffem^^nt^ S2, Jul>" (1931)j, pul>Ii.slied by 
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at 70^ F. In this drier stage, the pellets are kept in constant motiori 
by automatic rakes. In the second stage the temperature is 100*^ F., 
and in the third, up to 130^ F. Pellet sizes vary from to f inch. The 
time in the first drier is 3 hours, in the second 6, and in the third 9, 
The total time is therefore 18 hours, instead of the 2 to 6 day period 
required by the older method. Figures 187-188 will help make the pro- 
cedure clear. 

Another method is the dropping of the glue pellets into hot toluene. 



Figure 188. — The Tliomas F. Lowry process for producing glue in the form of dp’ 
pellets. First stage drier, operated at 70° F., with rakes on an endless chain. 
(Courtesy of Darling and Company, Chicago.) 


The removal of grease from glue is essential, because it interferes 
w'ith the adhesive power. A practical test is to make a 5 per cent solu- 
tion, add a whaler-soluble dye, and paint this on a white board. Exam- 
ination W’ith a hand lens wdll reveal wrhite spots if grease is present. 

A strength test is made by gluing together two wooden blocks and 
after a definite time, placing them in a machine which measures the force 
required to pull them apart.^^ 

Animal glue of the best quality is still unsurpassed for stren^h; it 
is used in furniture making, in veneering, book-binding, rug-sizing, in 
making the tips for matches, in sizing straw hats, for making sand pai)er, 

n Glue lias xnajcimuxn strengt^U wlien its pa is T.O ; contains consideral>le calcium ccffB- 

tyincKl as calcium g^elatinate. 
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viTiwy, earborunclum, and other abrai^ive W’i* L k-ati.er-, 

:t makes imitation leather; ground cork is marie into sLanes witi: jrlue. 
A waterproof animal glue is made by adding tannins or formaldehyde. 

Other Adhesives. Fish giue is made front the skins o: the ecd. ctisk. 
ai:d other fish; the washed material is heated with water azid <orteen- 
rrated: piienol may be added and a little oil of VvdnteraTeeri svritr.eiic 
in order to mask the odor. Isinglass is the dry glue made h\’ boiling the 
air-bladder of the sturgeon. 

Fresh casein boiled with water has adhesive ru*or^ert ies : once set. mois- 
ture does not weaken it. Starch paste or British gum is ma^ile bv diorestinu 
starch with dilute acids. A solution of sodium silicate Is an adhesive; 
it is not strong, but sets quickly, and is valiiaide in the rnanufaeture of 
cardboard boxes and corrugated paper. IMucilage is it s^^duric>n tu’ mun 
arabic or acacia, in water. Alarine glue is merely a name zor a wm.err.roof 
adhesive containing rubber, shellac, and naphtha. 


Table 71. — Produc/ ion of GchxRn (z?id Ginf rii'- Z.'y. At. 

( Bii rcaii aj i h c Ct 1 1 -s ^ ..= , 


Glue : 

animal 02,325,SCK> 

vegetable 126.792 ASI 

Casein ghie 13,415.276 

Flexible and fish glue? 11,763.502 

Gelatin: 

edible 20,7S0.571 

inedible 2.953.S69 


p’? 

4 


IC.5 


Theory of Tanning. The study of {tin iii'iig, aii'>i < if “ii':'- i'"' 

glue has led to the important branch of chemistry called Ccdioidal Ciiczr:- 
istry which includes in its consideratic?n< tiie combinations due to force-.- 
between surfaces, and at those surfaces, sucii as rlroplets. c:rainlet.s. or 
hubbies of microscopic dimensions, in a gas, lirruid or tvhile pure 

chemistry concerns itself primarily with forces and events witinn ti.’e 
atoms and molecules, and between them. For the cembination of tan- 
ning agents with the collagen of corium a simple reaction oamnot be writ- 
ten. In the tanning process, the tanning agent is more or less irreversibly 
fixed by the hide protein whereby its hydrophinie centra are* change? I 
into hydrophobic (dehydrating, water-repelling) groups. Re-sisiance of 
tlie product toward the action of proteolytic agents is thus aeqairx i. 

It was the substance glue, the first one studied with resreet to surface 
forces, which gave its name to the branch of the science.^- 


OtIxEK PATE^^TS 

1.848,506, thiophenol tanning and mordanting agents ; 1.851.021. rruduhng wiitcr- 
soliible tanning agents which, comprises conden.sing a methylol eornpoiind of a 
nionohydric phenol with resorcinol at a temperature below 50" C., in rbe presence 
of water and a condensing agent; 1.844,018, a new tanning comT^o^jition: caiiiprising 
the halogenated reaction product of sulfite cellulose and hydrogen peroxide; 

The Greek word for glue is koUa. 
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1,895,446. proce^^s for producing? a transparent clear bone ^rluo or bone ^zelatir <- 
tion; 1,895,433, on improving wat er-resi.stanco of casein «*Kios. by t roirrino- 
polymerized acetaldehyde: 1,858,193, manufacture of vegetable-tanned J' 

1,881,763, process for cold <iros.sing and dryinji: leather; 1,753,694, leather 
comi'jound consisting of crude oil, sweet oil. cod liver oil and glycerin; 174-4 7^6*"^ 
leather-.stretching and tacking machine; 1.892.599, a process for the * rna'nuf-^ctr-*-^^ 
sterilization and puffing of gelatin; 1,310,148. apparatus for stretching and ■ 

leather, ^ ^ ^ 
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Chapter 37 

Photographic Plates. Films, and Papers. 

Lithography 

Phcit t)^raT)liy has passetl through several staties nn ::- h»- 

present ]>ositioii of almost universal serviee. ( hig:!-ally 'Ie\'v-L -.c-I a- a 
means ui qiiic*kly recording stage settings t 1 .>aizne!’re ^ . It lorcooL^i: a r-;..-- 
e.laeenit*nt for i^ainting, a hobby. With t’he intro^ i'ict n ’ :‘ a'.-Latr:'- and 
later of the flexible celluloid film, the rircsent dry plat*- and r«.dh td idn. 
ht'Cmne [jossible, and were iin])roved more and m«a*e. ad^, rvV;:^a .-x: -nre— 
f'l very short duration, tiiid filially reaciiing their pre-ta.: -tiite : per- 
fection. Pictures of landscant‘.s, i)erfect and s:.arp=, are rniken a n.e.rter 
j.d r(jutine from aeroplanes traveling ino miles per heur. wit;, ^-xp. :re- 
of one tliret*-liundre(lth second.' Astroia>iay rt-Ih, - ner ::s eviden.’e en 
luiutogra] >liic records of the p4isiri<.)n of the ami . :i--:d:r nf- 

Tiie inicrostru(*turo of :netals and alloys etu<iied by pleV : mrapi.:.'. 
The a]isor])Ti<>n of light in the ultra-violet « shorter wa ’/e-ie:m: i.- taan 
biue^ and infra-real ( loiigca' %vave-lengt:is than d te beti. d 

\s'iiich tlie eye is insensitive, is revealed by photoginLpd.y. Tin* -t. i it '‘.' 
a:jsm’r>tion of X-rays by teeth, bones, metals, andi coateoi a.nirnai ai'nm.-, 
liiives opr)ortiinity for r>hotograpiiic records itn li^pensa: de in n.. iern 
diagnosis and surgery. Portriiiture has become a fine ;trt. In period- 
cd war emergency, the camera with a telepiit>tie aitacLn.ezi':, t. operated 
in an aeroplane, observes in an instant iii(.>re tiian the Lunuin eye Ci.uid 
in an liouin and yields its inforination, independent of i::e:nt.;ry, in a way 
wliicli allows its leisurely study. A valuable contributitjn was aisc ma^ie 
in developing the film roll and film pack, which may be intro^; diced tond 
removed from the camera in full daylight; it has areatly stiimdated 
amateur photograx^hy . The crowning social achievemeni of pi.otogrardiy 
is the life-like motion i:>icture and the “talking" ^^ietures in wiiieh sounds 
are recorded and reproduced xdiotographieally. 

All the uses of j>hotograpliy listed above depend upon the act ion of 
light on silver bromide, with a certain amount of iotiide admixed. In 
blue prints, much less expensive iron salts are used, and tiie develo]i5ment 

^ jErie Coimty, X. Y., hits Leen. pliotographtni uir, .-so thiit a ccir.i'ttrt-:? riinp 

riverit, britiges, and buildings is uvailablt? ; the eU-A-ution of t iie ai^zv tpluri*." wa.- 

- 'riio Einstein theory that is ciefleeteci by ixstrai rK'xiies is photcig-raph K*ar:.' : alro 

tJie cL.^iails of an eelipse. 
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is simple and cheap, so that blue prints have become the means of 
recording drawings and tabulations of all kinds. 

The present dry plate and dry film were preceded by a plate which 
was sensitized just before using, and without drying (wet plate) ; this 
method is still useful in certain branches of commercial work. Still 
another method of photographing depends upon the hardening action of 
light on albumen containing sodium dichromate, and this principle i? 
applied on the large scale in lithography by the zinc ]>late method. 



Figure 189. — X-ray pic- 
ture of a tulip. Xore 
the vein structure in 
petals and leaf. 
(Photographed by M, 
C. Reinhanl, M.A.. 
Buffalo, X. Y.) 


The Tight-sensitive Emulsion. For dry plates, films, and (silver) 
papers, the light-sensitive part is the coating of gelatin in which silver 
bromide crystals wdth some silv^er iodide crystals are disseminated; the 
gelatin coating is the essential part, the glass plate, the flexible film, or 
the paper furnishing merely a suitable support. 

Xhe gelatin used is made from calf skins.^ A solution of potassium 
bromide with some potassium iodide is prepared, to which 3 per cent 
gelatin is added, and to this solution, lukewarm, a water solution of 
silver nitrate is added; the silver bromide which forms remains in sus- 
pension by virtue of the protecting action of the gelatin. After the silver 
nitrate solution has been added, and in some plants after ^^ripening” 


» Chapter 36. 


PHrjTOaRAF>IlIC PRATES. FILMS 


AXD PAPERS; LIi'IIOaRAPI/V B20 


ms explained further), the gelatin coritent is raiseci to 7 jMirr cent. This 
sirong gelatin suspension, really a eoiloidal solution, is c-rjir'inionly called 
rhe ‘‘emulsions"'; it is cooled to a soft and made Into "‘noodles’’ 

v^”hich are placed in water for the iiuri^ose of removing: the ]':'Cta*ssiurn 
nitrate formed as the second prodiuct in tli-e reaction AgdvO;-: — KBr 
= AgBr -f- KZSTOs- If the ripening process has not beer: performed wi^li 
the 3 per cent gelatin, it is performed with the 7 per cent gelatin, before 
the washing. Pure water is not used for washinu, r>’:t a -olurdcn of 
calcium sulfate, because the latter does not swell the celaiin as pure 


Fir^i lis 190- — Pyolograrn, an 
X-ray picture showing the 
isreter and the kidney cav- 
ity, by injection of I5^c. 
sodium iodide through the 
hiadder. (Courtesy of IVI. C. 
Reinhard, IVI .A., Buffalo, 
X. Y.) 



water would. The excess potassium bromide is dissolved as well as the 
potassium nitrate formed. 

Ripening- In order to raise tlie sensitivity «; srjeed s t)f tiiC en:u:^^IOu, 
it is maintained at 32=" C. for 6 to 7 days, or at a higher temperature; 
the heating causes the gelatin to lose its Jellying povrer, and for tiiar 
reason, the 3 per cent solution is heated, and fresh gelatin added at the 
£md. The proportions of bromide and iodide (34 of the former to 2 
of the latter) to silver nitrate is greater than required for the reaction, 
so that there remains an excess of potassium bromide ; this must not 
be removed before the period, of heating, for without it, no ripening, 
no increase in the sensitivity takes place. The pc-riod is regulated ac- 

* Xliere is aao difficulty in. ol>taiziing. a jeily ; lor even a 3 per cent s jiLitiexi lorziis a 

solid gel at room. 
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cording to the degree of sensitivity desired, which is the higher, t>ir 
longer the heating; but there are other factors which help regulate sper-fl* 
The greater the proportion of silver salts to gelatin, the faster ^ the olatr- 
furthermore, silver bromide alone is more sensitive than the bronii«if- 
with iodide addition. It is not uncommon to blend various batches n* 
emulsion. If the ripening is at a moderate temperature, the .ieilvinr^ 
power of the gelatin is not impaired, and the ripening may be performrd 
with the 7 per cent gelatin. There are many modifications of the u-’o- 
cedure just described. 

The warm emulsion is then i^laced in cheese-cloth bags, and pres.seri 
under cold water; the stringlets of emulsion coagulate and form a prodner 
resembling noodles. These may then be washed in the cold calciiin^ 
sulfate solution mentioned before, without dissolving; only the water- 
soluble salts which are not wanted pass out in tlie water. 

The washed gelatin in noodle form is remelted, and there is adfle.I 
at this point some alcohol, a very little thymol p.s a ]')reservative, sonie 
chrome alum, and some potassium bromide as a reta.rder; all these su])- 
stances are in solution. The alcohol helps the flow of the emulsicai. 
while the chrome alum hardens it. The emulsion is now ready to flew 
onto the glass plates or film, and is allowed to set by cooling. For tht 
films especially, a preliminary undercoat is advisable, whicli will bind 
the emulsion sheet to the pyroxylin; it consists of gelatin solution with 
chrome alum and acetone. 

Plates and film are then dried in a current of warm, dry, filtered 
air. Photographic paper is coated in the same way as plates and film?, 
but as a rule, the emulsion for plates and films is much more sensitive 
than for paper. A specially made paper is coated with a white pigment, 
usually blane fixe, then examined for defects, and finally coated with 
the light-sensitive silver salt .emulsion, generally in albumen. For 
enlargements, a paper more sensitive than the usual contact paper is 
made. 

Making the emulsion, ripening it, coating plates and films as well as 
paper, and drying, must be performed in a dim red or orange light. 

Camera. The plate is exposed in the camera (plate holder) whidi 
for short exposures must have a lens allowing maximum light to enter, 
and a good shutter. Improvements in lenses and shutters have kept pace 
with the advances in plate and film manufacture. For moving pictures 
a special camera is now obtainable for amateur use (with 16 mm. film, 
instead of the standard 32 mm. wddth) . 

Developing and Fixing- The exposed plate (or film) is placed 
in an alkaline developer in the dark room; the developer causes metallic 
silver to form at the spots affected by the light, and the depth of the 
silver deposit is proportional to the intensity of the light. After the 

®_A fast plate requires a short exposure only ; a slow plate, a long exposure ; in the usual 
emulsion the sih'er salts are 30 per cent of the total. 

® Chapter 35 has a description of the camphor -containing film ; see also Tariff Informatics 

Surveu, N25 (1921>- 
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"■■"rT-nx- lias appeared anrl ha<; be^iin to disappear, the 
:r:;:u rhe deveIo]')er, washed in water, and j»Iaeed nt-x 
.p sodhiiii ridtssulfate K’ha]'iter 4p whieh reianvt'S the 
thus fixinir the imaae. After wasliins:. the ]>!ate 
rX’/ nc'atiTive. Froin the negative, a tMjsirive is printed . 

Thir alkaline developers are hydr»)fp:ine:u‘ II? p 
ra’h d 1 ,2,3-trihydroxybeiizene, laetc a i_;r nn-thvl-: 
tell . XH . CH-, in the form of sulfate; and eikt intrii 

■ <':s-:iniin^.5-tI-riai.ditiiosulfonir: :ieiih These tire cndled tdir 
herause tliey are used in a solution of sisdiuiii earbs nate. 

als<^ added in order to ])revent oxitlatiiiii by the air. ai: 
>inni ];romide to retard the deveh.nunent of the unaUee'^e' 
Amidol is used without alkali; it is dia 2 ninouho?:fh-^a*d 
fdsH;j . >II MXII:,MXH::HCdi. One developer may :^:v. 
anoiher a l.>rown shade of b:a(*k; tis it rule, a inix::;re u' 
i- vtse«i to jzive deep blacdes. 

For moviiiLt pdctiires, it is eonveniceuT te? nuike a 'o.-na; 
.lUiv nunibc^r i^^ })ositive films may l)e produei'!!. 

The (/x])laniiti(in of tiie action e»f liaht ozi rm 

piate or film is as follows: In the silver b;*omide :a:dei 
::p The arain or C2*ystal enibeddi^d in the e;?.dat::i. ri.e: 
eoiitiTs <hie to the i^resenee of silver sTilhde nioU^?*::h'S. 
is ]>re.serit a silvea' sulfide inoiee;ike the nurnial lattic'e 
oI{K‘S not fit into the Aa*"' anti Br* system.. At ea- 
torti(ai, an exceedingly sliglit energy inu>rt]se wil: - iffit^e 
of a free silver atom, whereas an amount <jf em-rtsy t:.- 
areater wc.mld bo reepuired to liberate a free silver atom f 
undistorted silver "oroinide lattice. Transhited. inte; pho: 
tiie distorted lattice results in a fast plate, tiie iindistor^f: 
a slow i)late or paper ?such as the oiri Solio prinr-ont lui] 

The silver sulfide has its origin in an im 3 >uriry ; the 
in exceedingly minute amounts, allyl mustard oil; this r 
with sliver bromide to form, after several intermefliate er 
sulfide finallv. 
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a. soiuti 
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.'ii-d. a!:d 
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The invisible latent image consists of a minute aiTiount cf meitidic 
silver, and this slight amount becomes the nucleus for further ^iernssiti? -n 
i>f such silver as the developer produces from the silver l>romid:e. 

The i^hotographic dry plate prepared from thc^ gelatin canuls'aai of 
silver bromide is sensitive to wave-lengtiis in the green, blue an^l violet, 
the region of 500 mu to 400 mu. By adding a dye such as erythrosine, 
ethyl red, pinacyanol, orthochrom, to the emulsion, th'- resulting iilate or 
film becomes sensitive to yellow, as well as to green, blue and violet: 
such x^lates are called ortliochromatic. B^” the use of poiyiiiethiiie dyes. 
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plates sensitive over the whole of the visible spectrum are produced 
the panchromatic plates. 

In order to photograph in the infra-red, in the region between 7Cn 
and 800 mu, kryptocyanine is the dye added to the emulsion, while fo’ 
the region beyond 800 mu, as far as 1014 m//, a plate sensitized wit} 
neocyanine will record the light. In this fashion, the photographic nlat 
can reveal light waves invisible to the eye, and longer in wave-lengti 
than red light. 

In the ultra-violet, good records are obtained with panchromatic, or 
ordinary plates in the region between the violet and 320 mu. Below 
320 m/f, to about 200 mu, the plate may be made sensitive by covering 
it with a thin layer of petrolatum, so that the invisible light of wave- 
lengths shorter than violet may' also be caught by the photographic plate. 

An additional striking advance has been made. After a highly sensi- 
tive plate has been exposed, it may be bathed in a solution of pheno- 
safranin, with the result that its sensitivity to light is reduced so con- 
siderably that it may be developed by ordinary lamplight, wdth perfect 
results. This is called desensitizing. 

Wet Plate Process. The wet plate process is older than the drv 
plate, but is still used for commercial work, such as in lithographiV 
plants. The same glass can be used over and over, after the negative 
is no longer needed. It is coated with collodion (pyroxylin dissolved in 
ether-alcohol) containing potassium bromide and some iodide, dried 
for a few moments, and bathed in a solution of silver nitrate; the excels 
solution is allowed to drain off, and the plate is ready for exposure. 
It is developed by means of a solution of ferrous sulfate in dilute sulfuric 
acid; the negative image appears in metallic silver as with the dry plate. 
The unchanged silver bromide is removed by a dilute potassium cj^anide 
solution. The negative may be intensified by means of copper sulfate 
and potassium iodide solution, followed by silver nitrate. Finally a 
solution of sodium sulfide converts the image to a jet black. 

In dry-plate photography, a faint negative may be intensified by 
means of a solution of bichloride of mercuryr followed by ammonia; a 
picture which is too dense on the other hand may be reduced by means 
of ammonium persulfate; there arc several other formulas. 

ConoR Photography 

Transparencies in the natural colors may be obtained by photog- 
raphy; of the several plates available, that of the Lumiere brothers is the 
easiest to handle. It consists of a glass plate coated with a layer of 
starch granules of three colors, violet, red, and orange; over the starch 
layer, the sensitized gelatin lay^er is placed. The plate is exposed glas? 
side out, so that the light must pass through the granules before reach- 
ing* the gelatin. A single red flower for example would send its rays 
through red granules, behind w’hich the silver bromide would be affected. 
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{jn develo:;)iiig, only thc^e particles of silver Ijr^mbh: v.'i 
li.etallie silver. The procedure at this p'.dnr is diuVrent 
ordinary negatives, for the picture is revi-s-sed, as h-lhovs 
ing; in water, the deposited silver is removed hv a 
permanganate in sulfuric acid. On lookmu timouu:. ;d..e 
granules forming the flower are now clear: there remnius 
idl tiie other granules. Tills is dcjiie Ijy taking the p:ctu:v 
immersed in the original develui^er. The unchanueL/d 
changed to metal, permitting no light to pass, su li.-t • rh' 
ti^e red flower appears on holding the plate ag;di:-t h; 

Color films are in process of dt^vel<ip!a<:'m . ■■ -h 

art' used in ini*dical stiulies. 
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The word lithography has euiue to nic-an t :.e p 
etal in several colors, partly superi:npo-ed t.,.; : 
■list’s painting. The metals are used in rotary 
inurn or zinc sheets are employed: thew are usel 
it the surface must be suitably grained before arr 




:!ig image. Stones are not favored any more, c-xeeroi -n.a'h. 'v. .rk a,:. ■ 
special studies. Tiie preparation of tiie metal phate in.au-s humviv ... 
tdiOtogra])hic process. It is appropriate to vliscuss h';h. ;ui‘aph */ in tld' 
i:hapter for another reason: the first utillzati<.;:i a: tii- ■. h:u:n: on 

chemicals was in litiiograpliy t^ZSTiepcep preceding p;i.oi-;arLO :.v : . ' . r. 

In stone lithography, fine-grained limestones ‘fren. 3n'/oria 
covered by hand drawing, with the lines and areas of a s:!-.giL- r. Tio.- 
stone is treated witli dilute nitric acid for a brief pc-r:o.?.h ’.vl.:.;-k o': 
the uncovered portions, leaving the greased portion sliahtiv ra:i.-e=..:. To.- 
stone is placed in a back-and-f-orth press, and tvr..:e::ed at ■■ nt.- ■■ rri n 
water-wet roller, further on by an inked roller - riaint m ihc 
is moistened, while only the greased portions take the ink. 

For the zinc-plate process, the single colors are selected n. : by tin 
human eye, but by the camera. The original artist’s painting :s pLcio- 
graphed three times (or more), each time through a screen wL:i-h block- 
off one color, but allows the others to reach the gelatin : d^te : to make 
this point and the subsequent ones clearer, a yellow vase may be selected. 
The first picture is taken through a violet screen w'hich stops yellow but 
allows blues and reds to pass; hence the vase will be Tepresented in the 
developed and fixed plate by clear glass (1). A positive is now made, 
through a screen of fine black lines (diamond-shaped openings, with 133 
lines to the inch) ; the positive obtained is in the form of dots, which 
allow gradations in' intensity (2) . This positive is on ground glass, and 
is retouched; the yellow floiver is represented by a deposit of silver, vriiile 
the rest of the plate is clear glass. A second negative is made (3) , again 
retouched, and used finally for the preparation of the zinc plate (4), In 
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the second negative, the vellow flower is again represented by cleai gla^^s, 

PO that the positive made from it, cm the zinc phitc, receives a hood of 
lio'ht wherever there is yellow in the original painting. 

“ The zinc plate is coated with a solution of albumen containing am- 
monium dichomate; the solution is spread evenly by tipping the plate; 
after drvino- with a small electric fan, the plate, hung vertically, is ready 
for exposure. It is exposed under negative (3) in the special movable 
arc lamp. The size of the zinc plate varies, but is perhaps 4 feet by 3 
feet- the negatives are of various sizes, but frequently of the size of a 
magazine cover. The zinc plate is large enough to accommodate a 
number of images, sometimes as many as 25 or 30. The albunieii- 
dichromate layer becomes insoluble by the action of the iiovvcrful arc 
light. The exposed metal plate is laid on the table in the daih looni, 
and covered completely with a liquid wax containing a black pigment. 
Cold wmter is flushed over it wdiile a turntable siiins it around; light 
pressure from a sponge helps remove the unaffected portions of the albu- 
men^ w'hile the affected portions remain and arc newv visible. The devel- 
Qpjjjo- over, thei’e remains onl^^ a treatment with chioinic acid and 
phosphoric acid, and gum acacia. 

The zinc plate is mounted on the cylinder of a rotary ^n-css, and 
with water by one roller, w’hile another i oiler piesents the ink 
or paint; the bare zinc takes the water, but the waxy surlace of the 
image repels it; the ink on the other hand is repelled by the wet metal, 
but'is received by the waxed image. On pressing against the paper, the 
vellow flower is reproduced in yellow- ink with the exact gi adations in 
intensity. In a second press, a zinc plate for the red will have been 
prepared, and w-ill print, on the sheets already bearing the yellow- por- 
tions of the picture, whatever w-as red in the original painting, in a thiid, 
the blue w-ill be applied. A fourth with gray and a fifth with the 
black are common, and the number runs as high as eight, w'ith a corre- 
sponding increase in beauty and also in cost. 

Printing from zinc plates bearing several images is called nmltiplc 
printing; the roll makes 3000 to 3600 r.p.h. and for each revolution, a 
sheet w-ith perhaps 25 images is inked. 

In the “deep-etch” process of more recent introduction, the zinc 
plate is coated with a special guin-containing coating, and exposed under 
a positive. The unexposed parts are cleared by means of a hydrochloric 
acid solution containing zinc chloride. The bare metal is etched, and 
impregnated wdth ink; this is the image wrhich wdll print in the press. 
The protected parts of the coating are now- removed, and the metal sur- 
faces desensitized by- gum acacia and nutgall solutions. In the deep- 
etch” plate, the ink^ hence the image, is seated on the metal, just as m 
the old “transfer” plates; there is no film of albumen to wear aw’-ay. It 
has been deservedly- successful. 

The value of photographic materials such as plates, moving picture 
(unexposed) and other films, paper, chemicals for developing and fixing, 
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exceeds 40 million dollavs per year, i’or the domestic production (U. S.) 
alone. From Franco, movine; picture films (unexposed) imported yearly 
are worth one-half to one million dollars. Cameras, including motion 
picture cameras, were $4,604,479; films, motion picture and others, 
$40,8999,597; sensitized ])aper, $13,622,206; plates and slides, $944,717; 
total photographic apparatus, materials, and projectors, $69,874,994, all 
in the year 1935 (17. S. ) . 

Blue Prints. Tiie liglit-sensitive piii)er uscmI for blue prints consists 
of white paper coate<l with a solution of ferric ammonium citrate and 
potassium ferric'y anide ; thc' coating is done automatically, in rooms 
with stibdued light. An India, ink tracing ari cloth supported by a coat 
of pyroxylin is ]da(‘ed bctwec'u the sensitized paper and the source of 
light; the black lines protend tlie <‘oating, but elsewhere the iron of the 
citrate is reduced (from ferric, to ferrous). On immersion in water, the 
unaffected n^ixture dissolx'es while' the reduced iron forms the insoluble 
blue ferro-fer]'icyani<le ” ; tlu' fixing agemt is merely water. Tlic' residt 
is a design of white line's on a blue field. A strong light must V)e used, 
such as direct sunlight for 15 minutes; arc-lights are the modern itracticc 
in plants requiring many })luc' prints. 

Of increasing impo]Man(‘C‘ is tlie pr()(‘ess known as ]')h()tost ating, in 
which the page of a l)ook, })rint, or pic-tnre is reproduced as a paj-jcr 
negative by the rc'floction of strong light; the negative may then in turn 
the illuminated, and made to produce a positive. The paper used is a 
silver bromide paper, ISTo plate nor film is necessary. 

( )T I T 1 :u P.\TK NTS 

U- S. Patent 2,005,837, nianiil’acdiire of photographir emuldion« ; 1,991,136, photo- 
graphic emulsion; 1,787,564, niaiiiifac.turo of photographic films; 1,890.026 

and 1,890,490, ay)p[L]-at.iis for ])ro] )o]Iinj 2 : long; slriy)s of films, such as motion picture 
films, through a liquid Ixilh; 1,815,513, manu fact,uro of films from an aqueous cellu- 
lose solution; 1,889,818, a for dev'elo|)in^>: ]>hotog:raphic films; 1,860,059, 

apparatus for <leveloping; roll filuis; 1.742,814. machine foi- assmnbJing photographic 
films; 1,836,023, lithog;T*aphic iiriiitirig machines ; 1,820.593, lithographic plate and 

process of yircparation. 

RK-\I)IX( J ItlOKEKKN' CES 

^‘Photography item in “A dictionary of ai)p]ied chemistry,” by Sid Ed. Thorpe, 
vol. 5, p. 205-256, kondon and >To\v Vork, kongmana. Green and Co., 1924. 

‘Tholography T^ouis Deir, New York and kondon, Macmillan Co., 1922. 

'‘Photographic sensitizing dves,” Ij. K. Wise and E. Q. Adams, Ind. Hng. Chein., 
10, SOI (1918). 

“Eccent cont,ril;)utions of chemistry to photography,” S. E, Sheppard, Ind. K7ic/. 
Chem,, 14, 820 (1922). . i i . . 

“The reactions of i)hot ographic materials to light,” S. E. Sheppard, lyzd. Eng. 
Chem., 22, 555 (1930). 

“Electrolysis of silver-bearing thiosulfate solutions,” K. Hickman, W. Weyerts, 
and O. E. Goehlor, Jrid. Eng. Chetn., 25, 202 (1933). 

“The chemistry of t^hotography,” articles by S. E. Sheppard, J. CKcin. Ed., 4, 
465 and 749 (1927).' 

“The science of photography,” C. E. Kenneth Mees, Sigma Xi Quarterly, 19, 
March (1931). 


i'erri-ferricyanide is not blue, but brown-yellow, nn.d soluble in. water. 



Chemical jertilizers q^lay an important role in increasing the crops of 
grains and cottoru, Jn another way y chemical science has made itself 
almost indispensable to the agriculturist, in the hilling of insects which 
render the fruit wormy or destroy the foliage, and in the control of fungi 
lohich spot the fruit and destroy the trees or vines. Such crops as the 
potato, tobacco, and cotton are all subject to pests which are success- 
fully fought by means of chemical poisons. 


Chapter 38 

Insecticides, Fungicides, Disinfectants 

The application of chemical substances below the soil provides the 
plant with extra food which permits better growth resulting in a greater 
yield per acre; but above the soil, the plant also stands in need of the 
products of chemical science, in the form of insect killers (insecticides) 
and fungus destroyers (fungicides). The apple tree alone for example 
is subject to the following insect pests: the codling moth, the San Jose 
scale, the aphis, red bug, apple and thorn skcletonizer, bud moth, apple 
maggot, gipsy moth, canker worm, and nine more.^ In addition it is 
subject to fungous diseases such as the apple scab, cedar rust, and several 
others. The proper choice of chemicals is determined by experiments 
performed at State and Federal experimental stations, and the knowledge 
so obtained is offered free to the agriculturist. The method of applica- 
tion is by spraying a suspension of the chosen materials in water, or by 
“dusting” the powdered dry material; in general spraying is better, and 
more vddely practiced. The system of protecting crops in this way 
has become of great impoi'tancc and wide application, so much so that 
unsprayed fruit is essentially tmsalablc. The most important substances 
employed are lead and calcium arsenates, sulfur, lime-sulfur, Bordeaux 
mixture, kerosene and other emulsions, and powdered poisonous plants. 
For certain diseases such as the fire blight, a bacterial disease (apple 
tree) , the remedy is to cut off the affected branches and twigs in the 
wintertime, and to disinfect the cuts with a solution of mercury bichlo- 
ride (B[gCl:>). The destructive insect pests arc held in check also by 
birds, toads, beetles, and parasitic insects; other means of protection are 
the banding of the tree trunks with sticky materials to prevent the 
ascent of caterpillars and wingless moths, band traps, and local appli- 
cation of the fire torch. 

Insecticides 

The agricultural insecticides may be divided into three classes: a. 
The stomach poisons, for the insects which eat the foliage; these include 
arsenate of lead, arsenate of calcium, hellebore, and Paris green, h. The 

^ “Injurious insect pests aivd fungous diseases,^* N. Y. State JDe%>t. Farms and Marhets Cir. 
J^o. 292, 3-10 C1925). 


636 



38. INSECTICIDES, FUNGICIDES, DISINFECTANTS G37 

contact insecticides, effective against the insects which do not cat the 
foliage, the boring insects; to this group belong lime-sulfur, nicotine dust, 
and kerosene emulsions. c. The fumigants, used against borers wdiich 
are not reached by sprays, and for the protection of grain stored in ware- 
houses ; some of the substances in this class are carbon disulfide, hydro- 
cyanic acid, ethyl acetate-carbon tetrachloride mixture. The divisions 
are not strict, for one substance may servo in two classes. 

The Stomach Poisons. The yearly i>roduction of lead arsenate in 
the United States is 15, ()()() tons, and oL‘ calcium arsenate, somewhat 
higher; Paris green is lower in tonnage, about 2500 tons. The i:)roduc- 
tion of these three substances depends upon arsenic, usually arsenic 
trioxide or white arsenic, and a discussion of tlieir niaiiufacturc will of 
necessity include a few words about the avurilability of arsenic trioxidc. 

White arsenic, As:>0;j, is a by-product of tlie smelting of c( 3 ]_)per and 
lead; it passes out with the hre gases and may be collected in settling 
chambers, in bag filters, or in the Cottrell electrical “ precipitator. The 
removal of the arsenic dust is obligatory in intiny States, so that a 
certain source for white arsenic is assured; it is, however, also obtained 
by roasting arsenic sulfide ore and other ores, in whi(‘h operations it is 
the primary product. If the coi^pcr smelters work to capacity, the 
Anaconda smelter (Montana) alone could supply 10,000 tons annually 
from its Cottrell precipitator.'^ Capacity has not been reached in recent 
years. In 1935, there were produced 14,237 tons of white arsenic, in 
two grades, the crude priccid at S34.30 a ton, the refined, at 5i>ol.20 a ton, 
there were imported besides, 15,075 tons, of which 60 per cent came from 
Mexico. The consumption is <lue in largo part (86 per cent) to the 
manufacture of arsenical insecticides, to a lesser extent to the manu- 
facture of plate glass. Because of the rapid growth in the use of lead 
and calcium arsenates, the yearly consumi:>tioii of white arsenic will 
undoubtedly increase. 

White arsenic heated with Chile saltpetre gives sodium arsenate, 
Na 2 HAs 04 , and this in solution may be used to make the lead and 
calcium arsenates. Otlier ways to change the white arsenic, AS 2 O 3 , to 
arsenic acid, HaAs 04 , are: by means of chlorine in presence of water ^ 
followed by sufficient concentration to drive off the h^^drochloric acid 
formed in the reaction and by heating with nitric acid and evaporating 
to a syrup. Lead arsenic is made by suspending litharge, PbO, in 
solution of arsenic acid in the presence of nitric acid or acetic acid'^; 
an improvement is to use sublimed lead oxide (yellow) (PbO) rnade into 
a cream with water, and add to this the solution of arsenic acid.® The 
reaction takes place at room temperature; the lead arsenate precipitates 

® Chapter 43. 

® U. S. Tariff Information Survey, FUO, tJ. S, Tariff Commission. Washington, X). C., 1921, 

p. 11. 

^XJ. S. Patent 1.169,114. 

®U. S. Patent 892,603. 

«IJ. S. Patent 1,228,516. 
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and is filter-pressed and sold as a paste, or, as is becoming the general 
custom, is dried and shipped as a powder. 

The ]:)rccii3itate does not settle very well; indeed it is essential that 
it should remain in suspension for long i:)eriods when made iq) for spray- 
ing; a i)roi:tosal was made to avoid any kind of washing by adding 
magnesium hydroxide, ]Mg(OH)o, after the lead oxide had reacted, to 
bind the remaining arsenic acid or arsenate of sodium.'^ The resulting 
product is a mixture of magnesium, and lead arsenates, TslgHAsO.^ and 
PbHAs04, which is said to be an excellent insecticide. 

An excess of lead is always provided, for soluble arsenic beyond a 
certain figure (1 per cent AsriOs) is i:>rohibited by tlie Pedcral Insecticide 
Act of 1910. When lead nitrate is treated with arsenic acid, the acid 
lead arsenate, PbH[As04 precipitates and remains in suspension even 
better than the neutral salt, contains more arsenic, and is quicker in 
action on the insect. When lead acetate is used instead of the niti'ate, 
the neutral lead arsenate, Pb3(As04)o, is formed wdiich is less injurious 
to foliage, and remains in suspension very well; it is used for i:>each and 
plum trees. In the process using lead oxide, the kind of lead arsenate 
formed is determined by the amount of load oxide used to a given amount 
of arsenic acid. Both the acid lead arsenate and tlio neutral lead 
arsenate arc insoluble in water, 

PbO 4- H;iAs 04 = PbHAsO i 4- HsO ; 3PbO 4- 2H:uAsO.. = Pb.-sC AsOd- 4- 3H-0. 

Lead arsenate may also be manufactured in the dry way, by burning 
powdered lead sulfide or metallic lead and white arsenic in a blast of 
hydrocarbon fuel; the oxidation and combination occur in the higli heat 
of the burning fuel. The lead arsenate formed is collected in settling 
chambers and bag filters. 

Calcium arsenate, also a white powder or paste, is made by running 
a solution of calcium chloride, CaCU, into an alkaline solution of sodium 
arsenate, iSra2lIAs04: 

SCiiCI^ 4- 2XaoIIAs04 = Ca:*.( AsO..)o 4~ 4]SraCl 4- 2HC1 ; 

the hydrochloric acid is removed by the alkali in the soditim arsenate 
solution. The calcium arsenate is insoluble; it x^i'ecipitates and is filter- 
pressed and shiiiped as a paste or dried to a powder. 

Calcium arsenate may be substituted for lead arsenate, except in 
treating trees with tender foliage; it is more injurious than the lead 
arsenate ; it is less adhesive, but this may be remedied by using it 
in conjunction wdth Bordeaux mixture, or with lime. The great ad- 
vantage of calcium arsenate is its low price,^ which has permitted among 
otlier things its use in the cotton fields for the destruction of the dreaded 
boll weevil. Calcium arsenate has been found a superior insecticide for 

U. S. Patent 1,417,232. 

« U. S. Patent 1,175,565. 

'Calcium arsenate 6.75c; lead arsenate 11.5c; Paris green 22c 0-937). 
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this pest, and tlie f 2 ,cnoi’al method of apj)lieation. is as a chist, without 
dilution d‘* 

Even at 6.72 cents, calciinn arsenate is too dear for its general use in 
the cotton fields against tlie boll weevil. Dilutioir Avordd not do, but a 
method of jirejiai ation has been found by means ot which an inert kernel 
of calcium carbonate is coated by calcium arsenate, tlie rc.sulting 
powder remaining as effective as the pure calcium arsenate. This im- 
portant contribution is from the Chemical Warfare Service Boll Weevil 
Investigation Boartl, anil is an examjile oi the i')eace-tiiiie functions of 
this bureau. Mixtures of precipitated chalk and white arsenic are heated 



FrcUHK 190a. — Tho S]^rayor 

assembly consists of a tractor, and 
the spi-ay tank with a small yiiiiiip 
for the liquid and a blower. Piiinp 
and blower are o])orated loy a se]'>- 
arate ^asoline engine. Dry dnst is 
applied with veiy similar appa- 
ratus. (Apyde orchard. Cobblestone 
Fruit Farm, Sodus, X. Y.) 



Fioiuiii 190b. — The lime sulfur solu- 
tion is atomized in the nozzle and 
the rich mist directed into the 
tree. Pump for the liquid is at 
left; the blower is just behind the 
oxjerator. (S r a y i n McIntosh 
apple trees, Sodus, X. Y.) 


with excess air at 650° C. ; the arsenic is changed to the pentavalent 
form, as normal tricalcinm arsenate. It has been established that this 
material, with only 24 per cent As20r., is as effective against the boll 
weevil as the ordinary calcium arsenate, with 40 iier cent AsOr,- 

In spray form, the proportions recommended for both lead arsenate 
and calcium arsenate are 1 pound of the powder to 50 gallons of water 
(about 0.25 per cent) . The method of spraying trees in orchards requires 
two operators; a gasoline-driven pump and a tank are placed on a flat- 
topped wagon; one man guides the horses or the tractor, the other directs 
the spray. 

“TKe principles of insect control/* 

1923, p. 90. 


'Wardle and Buclcle, Mancliester, University Press, 
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Paris green is used less now than formerly, because its injurious 
effects on the foliage is greater than that of lead arsenate, which has 
replaced it to a considerable extent. Furthermore, the adhesiveness is 
poor and the price high. It is still used in appreciable quantities, how- 
ever; many farmers consider it the most effective remedy for the potato 
bug. The method of manufacture is to add a solution of copper acetate 
to a solution of arsenious acid, HsAsOs; there is precipitated a copper 
acetoarsenite of indefinite comiDosition. This is filter-pressed and dried. 
Paris green has a higher tolerance for water-soluble arsenic than lead 
arsenate; it must not exceed 3-J per cent As^Oij. 

Hellebore is the powdered root of the hellebore plant, veratrzim 
album; it contains alkaloids which poison the insect but, in the small 
quantities used, do not affect man. When applied dry, the powder is 
diluted b\" mixing it with flour or lime; when ax^plied wet, the dilution 
is by the water used. Hellebore has the advantage that it may be 
aijplied to croi^s soon to be eaten, so that arscnicals would be inad- 
visable; it serves only for restricted areas, such as gardens and truck 
farms. 

The Contact Insecticides. The contact insecticides are effective 
against the boring insects which have soft bodies, such as scale insects, 
l^lant lice, pear thrip, red bug, red spider, and others. By means of 
these chemicals, the insects are poisoned, paralyzed, or, killed by cover- 
ing the skin with a film of oil which closes the breathing pores. Lime- 
sulfur, nicotine, soap solutions, kerosene, and oil emulsions are the 
imj^ortant members of this group. 

Lime-sulfur is used both in solution, as a spray, and in the dry 
pow^der form, as a dust. It is manufactured by boiling sulfur in milk of 
lime, with the formation of calcium polysulfide and small amounts of a 
number of sulfur compounds of no importance. The solution is yellowish- 
brown; after filter-pressing or decanting the clear liquor, it is concen- 
trated to 32 Be. cold, when it contains about 24 per cent of sulfur in 
solution. This solution is shipped in tight oak barrels, and is diluted 
with 8 parts of water for the San Jose scale, 16 parts for the peach leaf 
curl, 42 joarts for apple tree spray, and 54 parts for pear and cherry 
treesJ- There is also in wide use a home-made lime-sulfur solution, 
which has the same comjoosition and effectiveness as the commercial 
material. Lime-sulfur is also sold in the dried form, and this may be 
applied as a dust. 

Nicotine in the form of nicotine sulfate is made from refuse tobacco 
and is sold as a 40 per cent solution. This is diluted so that the spraying 
liquor contains not less than 0.06 per cent nicotine; it is advisable to 
dilute in a soap solution, which acts as a spreader, containing 2 pounds 


insecticides; sec Chapter 3 for their manufacture, and 
^ ^ ^ msecticides, S. Marcovitch , Jnd. Eng. Ch&m., 18, 572 (1926)- 

^ Injurious Insect Pests and Fungous IDiseases,'* referesuce 1, p. S9. 
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of soap to 50 gallons of water. A satisfactory?- nicotine extract may also 
be home-made, by steeping stems and swcci)ings of dried tobacco in 
water at ordinary temperature. If refuse tobacco is purchased, the cost 
is reduced inasmuch as the extracted material is a good fertilizer. The 
strength of the extract is fixed by using definite weights of tobacco, and 
consulting the table furnished by tlie United States department of Agri- 
culture.^'^ Such home-made extracts contain the nicotine in the form 
of the free base; the commercial, concentrated extract is the sulfate of 
Dicotine because the free base is volatile and would be lost during con- 
centration, while the sulfate is fixed. 

Nicotine powder is made by pulverizing stems, and may contain very 
little nicotine. The strong extract may be applied in the form of a dust 
by mixing it witli gypsum, kaolin, or hydrated lime, or a mixture of 
these; the choice ol the added solid has a definite influence upon the 
effectiveness of the dust. 

Soap solutions are usually fish-oil soaps, (‘ontaining 1 pound of soap 
to 4 gallons of water or more; the strength depends on the kind of insect 
to be destroyed. Fish-oil soa]> solutions are efficient against plant lice. 
The soap solution is frequently used with nicotine solutions, arsenate of 
lead and Bordeaux mixture. The soap may l)c purcdiased, and may l)C 
a potassium or sodium soap, preferably tlic former; it may home- 
made from fish oil and lye; in citlier case, the soap retains a strong 
fish-like odor.^^ 

Kerosene, crude oil, and lately lubricating oil emulsions have been 
used with success. A kerosene oil emulsion may be made as follows: 
one-half pound of fish-oil soap is dissolved in 1 gallon of water, and 2 
gallons of kerosene added to the hot solution; by inmiping it back and 
forth, or by violent agitation, a creamy ornuLsion forms wliich on cooling 
does not separate. For use on dormant trees, the dilution is 1 part to 7 
of water. Other emulsions arc made in a similar wa.y. 

Miscible oil cmulsioios arc made by mixing an emulsifying solution 
containing fish-oil soap, carbolic acid and kerosene, with the ^^miscible 
oils,” paraffin oil (28"" Bo.) and rosin oil.^^' 

Pyrethrum and rotenonc either in powder or as tlic extract arc widely 
used as horticultural and household insecticides. 

Insecticides in Vapor and Gas Form. Stored wheat and other grains 
are subject to insect pests which arc readily destroyed by pouring car- 
bon disulfide on the grain and closing all outlets; such fumigations arc 
practicable only when the material is contained in a building which, can 
be closed hermetically during treatment. Carbon disulfide and air mix- 
tures are explosive ; to avoid this danger, there has been developed a 

13 U. s. JDevt. Apr., Farnters* Bull. No. 908, 41 (1920). 
fir. Uevt. Apr., Farmers'^ Bull. No. 908, 30 (1920). 

13 ‘UnjuriouR XxiscM^t Pesta, etc.," reference 1, p. 55. 

i«(7. fi[. JOeTjt. Apr. Farmers* Bull. No. 908. 32 (1920)- 
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new fumigant, a mixture of ethyl acetate and carbon tetrachloride which 
is non-explosive, vaporizes almost as readily, and is nearly as efficient. 

Hydrocyanic acid, HCjST, is an excellent fumigant, and although a 
deadly poison to man, may be handled safely. A dish containing the 
proper amount of sodium cyanide is placed underneath a bottle contain- 
ing sulfuric acid, which can be upset from near the door by an arrange- 
ment of strings and small pulleys. As the operator is about to step out, 
he pulls the string and closes the door. This gas is ai>plicd to citrus trees 
in California, by placing over the tree a cotton duck bag which reaches 
to the ground; the gas is generated by acid on sodium cyanide and 
destro^'s the insects without hurting the tree. Calcium cyanide is also 
used. 

Carboxide is the trade name for a mixture of 1 i:)art ethylene oxide 
and 9 parts carbon dioxide, a safe and effective fumigant; it is non- 
flammable and non-explosive. It is obtainabro comi>resscd to a liephd 
in steel cylinder; the material issues from the cylinder in a fine S])ray or 
mist which vaporizes immediately. 

The peach borer works near the ground and cannot be reached by 
sprays or dusts; i:)ara-dichlorobenzene, a solid, placed in a small trencli 
around the base of the tree, destroys it. 


FTJXOiciDns 

The fungous diseases which attack the fruit-trees, vines, and farm 
crops are perhaps more serious even than the insect posts, because once 
the fungus has grown, it is so tough that it resists chemicals; it is only 
while the spores arc young and tender that they can be destroyed with 
surety. The work against fungous diseases thus takes on the aspect of 
prevention rather than cure; in keeping with this policy, nursery stocks 
and seeds are fumigated and dipped before sale. 

Some of the fungous diseases are mildews, apple and other scabs, 
rust, leaf spot, brown rot of plum and peach, and bark cankers. The 
important fungicides are sulfur, Bordeaux mixture, lime-sulfur, already 
listed as a contact insecticide, formaldehy^de, corrosive sublimate 
(HgCk^ , and a number of organo-mercuric compounds. 

Sulhu’, in the form of a fine powder under the names of dusting 
sulfur (99 I'^er cent Si , sulfo-dust, dry mix (61 x'>cr cent S) and other 
names, is applied mainly as a dust, in a few’ cases as a suspension in 
^^‘^ter or better, soap solution. It is estimated that in Europe over 
100,000 tons of x>owdered sulfur or flowers of sulfur (sublimed) are used 
every y^ear against the microscopic fungus ofdmm, which causes the grape 
vine leaf to dry. 


Uie dust SeiiiessiTi (.Our>anl) containing 35 per cent liydroxyinerciiriplieriol, applied 
to the seeds, destroys fungi (which include molds and. bacteria). 

» - 7 ^* sulfuric acid in the United States." Wells and Fogg, £>&pt. Interior 
Bull, Ifo. 184 , p- 27; see also Ina. Bng, Ch&m,., 4 , 136, 140, 143 C1912). 
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The main sources of sulfur are Sicily and the Louisiana and Texas 
deposits; sulfur occurs in many other places, however, sucli as Japan, 
Mexico, and in the state oi \\ yomiiio-. In Sicily, the sulfur occurs mixed 
with marl and gypsum; it is purified by heating and draining or running 
off the liquid sulfur; the fuel is siilfur. In the coastal plain of the Gulf 
of Mexico, a strip of land 225 miles wide is sulfur-bearing; it lies partly 
in Louisiana, and ])artly in Texas. The sulfur lies at depths of 600 to 
1100 feet, and the deposits average 125 feet. It is lifted from deposits 
between 600 and 200 () fc'et to the suriace, by means of the Trasch process. 
The sulfur pocket must l)e covered by a fairly tliick and tight cap, for 
the superheated water must be kept under 100 pounds gage pressure, 
in order to retain for it the temperature of 340 F. (ITl^'C.). The 
heated water is forced down 6 -inch casings into tlie deposit; tlie melted 
sulfur [melting point 112 . 8 '^ O. (235"^ F. ) | is forced iq^ward through a 
3 -inch casing strung inside tlie outer 6 -inch one. A 1-incli ]U])e inside 
the 3-inch one carries compressed air (500 iiounds) to the liquefied 
sulfur and, mixing with it, divides it into gullets sojiarated })y the air, 
which make a column easier to lift. Tsot only must sidfur be lo(*ated, 
but other conditions must b(‘ met before the mining of a givcai deposit 
can become a reality. For the iiroduction of 1000 tons per day, 2 to 
3 million gallons of water avi‘ reciuived, a 40(K)-horse]n>wer boiler plant, 
fuel, pipe lines and bins for reeeiving the licpiid sidfur, and tlie ])ossil)le 
necessity of dis]:)osing of ^‘bloed’' watca' from non-])roducing wells in the 
same domc.^'* Continuous ojieration in the hh’aseh jirocess is essential, 
for, if intcrriiiitcd, the licincdic'd sulfni* in thc‘ formation congeals and 
^^freczes” the pijic^s in eaeh hole. 

The main uses of sulfur arc' for a fungicide as such, for making lime- 
sulfur, for tlie snlfitc process in i)aper-making, for manufacturing 

sulfuric acid (sup])leuienting pyrite) , foi* vulcanizing rubber, and for 
the manufacture of carbe^n disulfide. 

The production in the Xuiited States in 1935 of sulfur as brimstone, 
mainly Texas and Louisiana brimstone, ^vas 1,632,590 tons; in 1936, 
2,011,391 long tons. Tlie ]:)oak was 1930, %vhcn 2,558,981 long tons were 
mined. 

Bordeaux mixture is probably the most important fungicide used in 
the United States ; it may be purchased in the form of a powder and 
made up with water, or it may be home-made. It consists of copper 
sulfate and lime, and fc^r the home-made spray, ready to apply to the 
crops, the proportions are as follows 4 pounds of copper sulfate 
CUSO 4 • 5 I-T 2 O, called blucstone, are dissolved in 25 gallons of w^ater; 4 
pounds of fresh stone lime, or quicklime (CaO), are dissolved in 25 
gallons of water, and the two solutions are mixed, in the spray tank itself 
for example. The concentration is correct for summer spraying; a little 

J. H. I^ollarcl, Cliem. Alr-t. Enp,, 39, 394 C1932). 

U. S. Apr., Farm^rra* Bidl. UTo. 908, 39 C1920). 
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less bliiestone is taken for spring spra\^ing. This mixture gives a bluish 
deposit, which on the green leaves is very noticeable.^^ 

Formaldehyde solutions are used to prevent potato scab, oat smut, 
the stinking smut of wheat, and onion smut. The method for potatoes 
is to place the seed potatoes in a solution containing 1 pint of 40 per 
cent formaldehyde solution (CHOH) in 30 gallons of water, for two 
hours. The oats may be spread on the floor and the solution poured on 
them. Other uses and the method of manufacture of formaldehyde will 
be found in Chapter 35. 

Mixed Sprays and Mixed Dusts. It is often desirable to apply two 
chemicals or even three at the same time, in order to save labor; an 
insecticide and a fungicide may^ be mixed, since insects and fungous 
disease often occur together. Mixed si^rays are widely used; thus lime- 
sulfur, arsenate of lead, and nicotine sulfate may be used together; the 
same three materials may be used as a dust. Bordeaux mixture, arsenate 
of lead, and nicotine is another suitable combination. A circular dia- 
gram (Fig. 191) indicating the proper choice is given in several govern- 
ment publications and in farm journals.^- Certain combinations are 
incompatible, and must be avoided; thus soap solutions must not be used 
with lime-sulfur. 


D ISIIlSTFECTAN-TS 

The chemical industries perform an important service in furnishing 
disinfectants which supplement sterilization by steam or flame. The 
function of a disinfectant is to kill bacteria and to prevent further 
growth of new cultures. A germicide also kills bacteria, but its power 
to prevent further growth is secondary; an antiseptic inhibits bacterial 
growth without necessarily killing. 

Among the important chemical disinfectants are: phenol, cresol, 
guaiacol, thymol, formaldehyde, potassium permanganate, bleaching 
powder, calcium hypochlorite, sodium hy^pochlorite, chlorine, bichloride 
of mercury, aristol, hydrogen peroxide, mercurial phenols. The standard 
is a 5 per cent phenol solution; the pow^'er of other substances is expressed 
in terms of the standard, and this value is known as the phenol coeflS- 
cient. The method is to make a bacterial count before and after appli- 
cation. The phenol number varies with different bacteria. 

The Carrel-Dakin solution,^^ discovered during the war, would be 
classed as an antiseptic; it consists of a 0.5 per cent sodium hypochlorite 
solution, made from bleaching powder, just alkaline. It is used to irri- 


^ Tlie discovery of the fungicidal value of Bordeaux mixture was accidental ; while walking in a 
vineyard, the French scientist IVIillardet noticed that the vines at the edge of the vineyard had not 
lost their leaves while the rest had; the custom was to spray the edges with a mixture of copper sul- 
fate and lime in order to scare off thieves who mistook the bluish deposit for poison (1882). 
This led to experiments by Millardet and Gayon, which established the value of the same mixture 
as a fungicide. 


^ j t Bull. IMTo. 908, 73 C1920). *'Xhc principles of insect control," 

W^ardle and Buckle, p- 116. oee rea dmg references. A highly esteemed farm journal is the 
Rural Neuy-Yorker^ published at 333 West 30th Street, New York. 

IT. S. Fharmacopceia, lOth ed. (1926). 
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gate wounds^ so that tlic dead tissue is dissolv^ed, thereby removing the 
food of bacteria, which die as a consequence. 

Barium carbonate is a rat i>oison, harmless to dogs. 



FiGUiiLi 101. — Choiiiitrnts wliicli luiiy Ix' iisod inix('<l lo^nlhcu*, so as Ui allow Iroat.Tiiciii 
for two or more. <li, senses. Only the eheim'cjils wil-liin heavy linos may be mixed. 
(From U. S. Dept, A(jr., FarnicrF Bull. No. 908.) 

A 1 to 1000 water solution of hcxylrcsorciiiol (n-liexyl-2,4~diliydroxy- 
benzene) kills bacteria in 15 seconds; it has a low surface tension, which 
permits its penetration into small spaces, an important advantage. It 
is non-poisonous. 

Wood PRusnavATioisr 

The preservation of wood for railroad ties, fence posts, and in general 
of all wood used outdoors is an important problem. In the past, treating 
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with creosote oil (see Chapter 14) has been the chief method, and remains 
an excellent one. The practice is to heat the wood in order to drive out 
moisture and air, apply a vacuum to the containing channber in order 
to free the pores of the wood, and sending in hot creosote, under grad- 
ually rising ]Drcssure. 

In the year 1935, the creosote oil importations were 34,513,486 gal- 
lons, valued at $3,536,500. Creosote oil comes in free of duty. In 
addition, there were produced domesticalK^ in that year, 92,869,152 
gallons of the same oil (10.2 cents a gallon). Essentially all this oil 
is for wood x:)reservation. 

Another chemical agent used for treating lumber for its preservation 
is zinc chloride; over 20 million loounds are used for this purjiose in a 
normal year. 

The preserving of wood for marine i)ur]>oscs is a specially vital prob- 
lem. In certain infected areas, the shiji^worm causes untold damage in a 
short time. The Teredo naDolis and the JBciiihia (joiildi arc the two best- 
studied examples of the shipworms. They bore into the wood of piling 
or ship-bottom and in a short time honeycomb it with l^in’rows so that 
the wood collapses. The marine i:)iling investigation conducted l^y the 
Chemical “Warfare wService has showm in a preliminary way tliat certain 
of the war gases, best dissolved in creosote, would be superior agents 
for marine preservation, 

Othkr P.\te:xts 

IJ. S. Patent 2,064,728 and 2,060,311, makina^ colloidal .sulfur; 2.044,214, sulfur 
refining I'^rocess ; 2, 046 ,546-7-8, process for removal of in.socl.icidjil residues from 

fruits and vegetables; 1,928,968, colloidal dispersions of rolenonc by the aid of 
tannic acid; 1,884,542, iDreparation of arsenical com]) ounds .suitable for use a.s insec- 
ticides; 1,875,466. esters of the fatty acids derived from animal or vegetable fats 
or oils are insecticidal and non-injurious to plant life ; 1,877,851, an insecticidal con- 
taining petroleum oil, a compound of nicotine with an oil-soluble sulfonic acid 
derived from petroleum, and an emulsifying agent; 1,842.443 and 1,863,519, an insec- 
ticide containing aluminum .sulfate, potassium hy^droxide, and hydrofluoric acid; 
1,849,778, a fungicidal distilling composition containing a complex copper salt of 
mercury thiocyanic acid ; 1,890,774, a dust disinfectant, from mercuric chloride, 

chlorox)henol , sodium carEonate and. hydrated lime; 1.801.144. disinfectant using 500 
parts hydrated lime. 200 parts w^atcr. 50 parts mercury acetate; 1,791,430, a fungicide 
and bactericide con.si.sting of zinc sulfate and lime. 
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‘‘Information for fruit grow^-ers about insecticides, s]>raymg apparatus, and impor- 
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Am. RailTJcay Rrtg. Assoo.y 28, No. 290 <1926). 



3S. INSECIUCIJJES, FUNCrlCmJt]^, msi N FFCTAN TS 


647 


U. S. L)c'pt. h anucrp Full.. 2^o. 799, “■CLirl)oii. l:)isul])liicle as an in.sccticiclo” ; 

1128, ‘‘Control ol ii-pliids injiii'ioiis t.c^ orcliiivd li'iiils ’ ; 12Si5. ‘‘ Jjiiric-snlpliiii' concen- 
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“Ethylene oxidt'! ami {'Ih.vIcMK' dichloridc', tavo m'w fuin igan t s,” J. M . Rus< Jr 
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“Rotenonc^,” li,. C. Roark, /tuL Btuj. (Jhetu.., 25, (i39 (1933). 
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"Beterminat ion of rotonoiK' on dei’i*is root and its resin,” R. 8. Calm and J. J. 
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If the ma7iy goods made of 7^xtbhcr were suddenly removed froxxz our 
economic life, a serious disturhaixce would he caxcsed, Hxihher belts drive 
machinery, rubber hose protects property from fire, rubber heels add to 
the comfort of the body, rubber tires have been a major factor in the 
rapid' growth of the automobile industry. The plight of Germany dur^- 
ing the late war when its importation of crude rubbex' was stopped is an 
indication of how serious the disturbance woxild be. 


Chapter 39* 

Rubber 

The hydrocarbon, rubber, (Cr>H8)x, is found in many plants, trees 
and shrubs. Over 98 per cent of the world’s supply ho^vcver comes from 
the rubber tree, Hevea brasiliensis, and 97 per cent from cultivated plan- 
tations of this tree, mostly in Ceylon, British Malaya and the Dutch 
East Indies. Other sources such as guayule, goldenrod, etc., are dilEcult 
to utilize commercially on account of the large amounts of resins and 
other substances associated wdth the rubber. 

In a primitive form, rubber has been known in America for centuries; 
archeological records in Honduras dating back to the 11th century show 
the use of solid rubber balls in native games, and early Spanish explorers 
mention the use of rubber latex to coat cloth and render it waterproof. 
In Europe, the house of James J^yne Hancock, Ltd., London, was estab- 
lished in 1820, and claims to be the oldest rubber factory in the world. 
Modern rubber products, however, did not begin to appear until 1839 
when vulcanization,^ the reaction of sulfur wdth rubber to produce a 
chemical and physical change, was discovered by Charles Goodyear, and 
a factory started at Springfield, Massachusetts, in 1841. By 1876, the 
manufacture of raincoats, carriage tires and other rubber articles was a 
thriving little business, rubber coming from the Amazon region in Brazil, 
where it w^as gathered by natives from wild trees in the tropical forests. 
Henry Wickham, British explorer, visioned the future growth of the indus- 
try and the necessity of cultivated plantations of rubber trees to assure 
a steady source of supply. He determined to make the industry inde- 
pendent of the Brazilian monopoly, and succeeded in smuggling 70,000 
seeds of the Hevea brasiliensis out of Brazil. The seeds were raised 
at the Kew Gardens in London, only 4 per cent reaching the plant stage; 
the seedling trees obtained were transported to Ceylon. From this start 
has come our rubber industry, to supply which, plantations in 1935 cov- 
ered over 7,000,000 acres and produced 844,554 long tons of rubber. The 

* In close collaboration with Mr. Rajnaiond B. Stringfield, Consulting Chemical Engineer, Los 
Angles, California. 

^ The credit for the discovery of vulcanization should be granted to four individuals, in equal 
measure, IDr. E. W. Uuedersdorff C1832), I^athaniel Uayward [XJ. S. Patent 1090, (1839)11, both of 
whom discovered the beneficial action of sulfur, Charles Goodyear CU. S. Patent 3633, (18441. 
Thomas Hancock Cin England), who both discovered the importance of heat in sulfur vulcanization. 
CFrom the Vanderbilt (1936) Rubber Handbook, p. 111]. 
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best buyers were the United States, with imports of 455,758 long tons 
in 1935. 

The rubber producing countries of the world, in the order of the 
1934 production, are as follow’s: British Malaya, 467,000 long tons; 
Netherlands Indies 380,000; Ceylon 79,000; British Borneo 29,000; French 
Indo-China 20,000; Siam 18,000; British India 12,000; Brazil 9,000; 
others 5,000. 

Plantation Production. A plantation is divided in quadrants; one 
quadrant is worked for a year, then is given three years' rest. The trees 
begin to yield latex when they are six years old, and continue till over 
forty. The size of the full-grown rubber tree is about that of the maple. 
In the Hevea h7:asiliensis, rubber ocurs as a milky latex in a series of ves- 
sels just under the bark. Native tappers remove a shaving of bark from 
a diagonal cut extending one-third around the tree, and collect in small 
cups the latex which flows out. Trees may be tapped daily or every other 
day. About ^ of a pound of latex is the daily yield of one tree. The 
latex, which averages about 35 per cent rubber, in the form of particles 
1 to 2 a in diameter dispersed in a w^atcry serum, is brought to a collecting 
station, diluted to about 15 per cent riil)ber content, and coagulated by 
addition of acetic or formic acid.- 

The bulk of the rubber comes on the market as ribbed sinoked sheet. 
This is made by sheeting the coagulated rubber on even-speed rolls witli 
light washing, and drying from 7 to 11 days at 40 to 50" C. (104-122" F.) 
in an atmosphere of smoke from burning fresh wood.^ The smoke turns 
the rubber brown, and acts as a preservative, preventing the development 
of mold in the serum substances remaining in the rubber. The smoked 
sheets are pressed into square bales of 200 to 220 i)ounds, and protected 
with plywood for shipment. 

Another important grade of rubber is crepe. For this, sodium 

bisulfite is added to the latex before coagulation, and the coagulum washed 
thoroughly on differential-speed rolls to tear the rubber apart and 
remove serum substances. The sheets are then dried without smoking, 
yielding a yellowish -white rubber which is baled as before. Other lower 
grades as brown crepe, blanket crepe, rolled brown and plain unsmoked 
sheets are made by various plantations. 

Due to variations of supply and demand and other economic condi- 
tions, the price of rubber has varied considerably in recent years, as showm 
in the table below: 

Table 72. — Range of Rubber Prices, Cents Per Pound. (Smoked Sheets and Crepe. J 

(From the ^‘A.nnalist”) 

1929 214 to 201 1933 74 to 

1930 154 to 94 1934 16f to 10 

1931 84 to 5* 1936 12| to 1144 

1932 5 to 3f 1937 to May 1st 25t to 20:?^ 

® The rubber latex particles exhibit a lively Brownian movement under the ultra-microscope. 
The particles are spherical in the latex from, yoimg trees, slightly egg-shaped, if from older trees. 

particle contains a drop of oil, which is in a sack made of the same oil but gelatinized, 
and the! whole is stabilized by . casein. 

® The name of the plantation is embossed in the sheet. 
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Vulcanization. Raw rubber has few commercial uses as it softens 
when lieatecl, freezes wlien cooled, is soluble in coal tar or petroleum sol- 
vents, is 1 elastic, tacky, and has low tensile and other unsatisfactorv 
physical i)roperties. By mixing w-itli sulfur, in the form <jf flowers of 
sulfur, a fine powder, usually not over 3 per cent on the rubber, and 
heating, a change called vulcanization takes place, part of the sulfur 
combining chemically with the rubber hydrocarbon, and changing its 
physical properties so that it is no longer affected by ordinary tempera- 
ture changes, is swelled but not dissolved by solvents, and has greatly 
increased tensile, abrasion resistance, etc. Vulcanization may be carried 
out in various ways: in hot water or air (as with rubber gloves), in an 
autoclave with steam (as with rolls of rubberized fabric) , or in inolds 
heated with steam (as with tires) or heated by the i.)latens of a hydraulic 
press (as with heels and most other articles) . 

Vulcanization is a progressive reaction; it sliould be allowed to pro- 
gress to a definite point, and not beyond. Rubber which has not been 
heated long enough is said to be ^‘undercured,’^ while rubber which lias 
been heated too long may be ‘^overcured.’^ 

With sulfur and rubber alone, ai)proximatcly^ 120 min. at 287"^ F. 
(141.7° C.) is reciuired to accomplish vulcanization. In recent year^;, 
acceley'ators have been devoloi^ed which greatly siloed up this process. 
A few inorganic compounds as litliarge, lime and iiiagnesiuni oxide have 
accelerating action, but have been almost entirely replaced by more 
powerful organic compounds. These are used in amounts varying from 
0-1 to 1.5 per cent, and certain combinations can reduce the lime of 
‘‘cure” or vulcanization to as little as 3 min. at 200° F. (93.3° C.) Com- 
monly used as accelerators are mcrcaptobenzotliiazole, (captax), CuILi . 
X: C(S)SI-I; diphenvlguanidine, (DPG), (CcJ-InA^IR) -C : iSTH; tetra- 
methylthiuramdisulfide, (tuads) , (CH:,) ojSTCS . S . S . CSX (CFI.) o ; and 

zinc diineth 3 ’'ldithioearbamatc, (zimate) , [ (Cll.-i) ;>XCS . SloZn. 

Vulcanized rubber deteriorates from oxidation, x)articularly if exposed 
to sunlight. Chemicals which retard this deterioration have been devel- 
oped and are widely used. These arc usually called aivtiox'idcmts, and 
1 per cent is sufficient to greatly increase the life of the rubber i:>roduct. 
Commonly used antioxidants arc aldolalphanaphthylamino and phenyl 
betanapthylamine. 

Compounding, compounding ingredients, and reasons for their selec- 
tion. The whole art of mixing other ingredients with rubber and of 
processing the mixed compound to control its physical properties, both 
before and after vulcanization, is called com'poxcndin.g . The use of sulfur, 
accelerators and antioxidants has already been mentioned. Other mate- 
rials are used for accelerator activators , accelerator retarders, rubber sub- 
stitutes, softeners, stiffeners, odorants, fillers^ and pigments. 

* For comparison purposes, it is customary to calculate all formulae for rubber compounds 
in per cent by weight on the weight of the rubber present, or in volumes of filler per 100 volumes 
of rubber. The latter is particularly useful as it takes into account the specific gravity of the 
materials used. Thus rubber has a ap. gr. of ,92, ZnO 5.57, and carbon black 1.80, and either 55.7 lbs. 
ZnO or 18.0 lbs. C would be a 10 vol. loading when mixed with 92 lbs. rubber. 
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Almost every rubber compound carries from 1 to 5 per cent zinc oxide 
and at least 1 per cent stearic acid or suitable substitute, tlieir purpose 
being to activate the accelerator present and enable it to produce its 
full effect. Occasionally materials such as benzoic acid are added to 
retard the effect of the accelerator, particularly at low temperatures, so 
the compound will not cure prematurely during processing. 

Rubber-like products called fnrticc can be made by reaetiem of sul- 
fur or sulfur cliloride with vegetable oils, and find use in some soft rubljcr 
products such as erasers. Ck^rtain blown asphalts, known as /n iiieral 
riohher, may be sidjstituted for part of the rubber m stocks such as wire 



Figure 192. — A set of «trG\ss-.stmin cairves of typical rubber atoeka, a four formuke 
for^the compounding, all based on 100 i:)arts of gum rubber or plantation rubber 
(crepe or smoked sho^ets). [From the practice of Mr. Stringfield.] The reader 
will i^lcase note also the tcmi)eraturc and time of curing. 


insulation \vhe.re they aid the flow of the compound as it is extruded. 

The mixing of the compounding chemicals is generally done at the 
mixing rolls, with the various materials added one by one in the selected 
order. Raw rubber is tough, and requires mastication on a mill until 
it is hot and plastic before other compounding ingredients can be added 
and the compound sheeted or shaped for the next operation. Softeners 
such as vegetable and mineral oils, waxes, tars, pitches and resins are 
added to save time and power and facilitate handling. Occasionally, 
particularly with highly compounded stocks, stiffening is desirable in the 
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uncured compound, and this can be accomplished by the addition of smal 
amounts of benzidine or x^-^i^i^ophenol. For some household purjposei 
the odor of rubber is undesirable, and odorants have been developed that 
in quantities as low as .25 per cent, persist through vulcanization and aic 
the sale of the product. 

‘'Pure gum” products, that is, pure vulcanized rubber products, woulc 
be too soft and elastic for most commercial uses, so fillers are commonly: 
added to the rubber; they increase the hardness, stiffness, tensile strength 
and resistance to cutting, tearing and abrasion. Their action is purely 
physical, and is due chiefly to their fine particle size and good dispersior 
in the rubber. The most important of these fillers is carbon black, made 
by the channel process; it is used in all articles which receive extremely 
rough service, such as tire treads, and convey^or belts. Zinc oxide is used 
when the stock must be light colored; it is not as effective as carbon 
black, and is much more expensive on a volume basis. IVIany other non- 
reinforcing fillers as whiting, clay, slate flour, may be used in certain 
places to add weight, stiffness, reduce elongation, improve processing or 
reduce costs. Such uses are entirely legitimate, there being no object 
for instance in having high abrasion resistance in a imoduct not sub- 
jected to rough usage. Color iiigments, dyes or lakes may be used whore 
colored products are desired. 

The compounding formulae for four typical rubber stocks, tire tread, 
garden hose, inner tube, and tire carcass arc given, with a set of stress- 
strain curves for these same stocks after vulcanizing at the temperature 
and for the period given on the graph, Figure 192. In a vulcanized 
article, the ratio of combined srilfur to the rubber is called the vidcaniza- 
tion coefficient or VC. Of great value is also the ratio of accelerator to 
rubber. 

Stock Preparation- The main operations in preparing rubber stock 
arc milling, calendering and eccrimding or “tubing.”-"* The rubber com- 
pound is milled for two purposes; first, to mix and thoroughly disperse 
the ingredients; and second, to plasticize the rubber and render it more 
adaptable to later operations. This is done on two types of equipment, 
mixing rolls and internal or Banbury mixers. For large production, mix- 
ing roils are usually 84 inches long and 22 or 26 inches in diameter, and 
of cast steel about 5 inches thick, the inner surface being cooled with 
a spray of water. Two such rolls are mounted together horizontally, 
geared to revolve toward each other at a ratio of about 1.0:1.25 and a 
surface speed on the slow roll of 95 feet per minute. Bubber placed on 
the rolls is squeezed downward through the “bite,” and allowed to sheet 
around the slow roll back into the excess or “bank” on top of the rolls. 
One roll is adjustable to vary the thickness of the sheet between i and 
1^: inch. When the rubber is soft enough, the operator begins adding the 
other ingredients in proper order, “working” the batch, from time to 
time, by cutting the sheet on the roll to bring fresh material through the 

B It- was formerly necessary "bo wclsH and. dri/ Uie raw rubber to remove sand, barlt, etc., but 
plantation rubber is now so clean tbat tbis operation is usually omitted. For some special pur- 
poses:, as for inner tubes, rubber may be strairiGd, by extruding through a fine screen. 
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■‘bite.” A batch may vary from 50 to 350 lb. depending on its type, and 
may require from 10 to 60 minutes for milling. Approximately 100 H.P. 
are required foi opeiation, most of which appears as heat in the rubber 
stock, which has to be rapidly removed by the cooling water to prevent 
premature vulcanization or “scorching.” Even with this cooling the 
stock is usually about 200° F. (93.3° C.), and when mixing is completed, 
is cut off in slabs about 3 feet squai’e and dipped in a slurry of talc and 
water to cool and prevent sticking together. Similar mills are used for 
sheeting out stock from Banbury mixtn-.s, and for “warming up” stock foi- 
calenders and tubers. 

The Banbury mixer' is an enclosed mac-hine with two water-cooled 
mixing rotors operating in a watcr-coolcrl chamber. Mixing is very rapid, 
for example: an 84-inch mill will mix a 350-pound batch'of tread stock 
in 30 minutes, while a number 11 Banbury will handle 650 pounds of the 
same stock in 18 minutes, or 3.11 times faster. The Banbury stock will 
also require an 84-inch mill to sheet out and batch off the mixed stock.® 
With the use of suitable compouirris, mixing in a Banbury mixer results 
in a large saving of power. Several sizes ai'c available, taking batches 
up to 650 pounds. 


Figure 193. — Solieme for coat- 
ing fabric with rubber on 
the calondei’ing machine. 



Calenders are usually 3-roll macliines (Fig. 193) and are used for 
three general types of work, frictioning ^ ski7?z- coating and sheeting. Cot- 
ton fabric is “frictioned” by passing it over roll C wdth roll B running 
at a higher speed, resulting in wiping the rubber compound into the voids 
in the fabric. Skimeoating is a similar operation but with roll B at the 
same speed as C so that a film of rubber is pressed into the fabric. For 
sheeting, roll C is lowered and a cotton ^^liner^^ used, the sheet of rubber 
formed between A and B being led into the liner in which it is wrapped. 
By placing rotary knives against the near side of B, strips may be cut 
of any desired width and rolled up in the liner passing over C, the excess 
rubber between the strips returning to the feed. 

The extruding machine or '^tuber^^ is essentially a steel cylinder con- 


speaking, a Banbury mixed stock is usually somewhat tougher than the same 
originally a great deal of trouble, but modern compounding 
^ ® j softeners has overcome the diiiiculty, and the practice of sending the stock to the 

xiuDers or calenders without allowing it to cool has effected large savings. 
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taining a close-fittin«* sei‘e\v, which forces the rubber 
end out throno-h a die at the other end, thus forinin< 

treads, hose, inner tubes, etc. Tlie tuber is jacketed to J)erniit heating 
and coolino-^ and the extruded stock is usually cooled by i)assing tln*ough 


stock fed at one 
■ shapes such as 


water. 


Automobile Tires and Tubes. Approximately 80 per cent of all 
rubber grown is used in automobile tires and tubes. Fundamentallv an 
f^^he iiieiely confines an air cushion, wliile the tire prevents the 
tube from expanding, protects it from abrasion and holds it on the wheel 
Since they are the most important items of the rubber industry, tire‘=3 and 
tubes deserve special mention. 



FicaruK 194. — Cross-.sec- 
tion of a Dunlop G.OO- 
IG rcnir-i)ly autorno- 
hilo ('ord tiro for pa.s- 
sfuio-or oars. Note all 
tho ]>arts onuincratoci 
in th(' to.xt. and dosio- 
natod ill Figure 195. 
( Pj‘ca>arod espc?cially 
for this edition by tho 
toclinioal staff, Mr. 
Ilowarti Flden, Direc- 
tor, Ounlo]) Tiro and 
It u h h o V Company, 
Duffalo, N. Y.) 


At 60 miles an hour, the ordinary tire is flexing soirie 12 times per 
second, and the automobile engine is putting one-tliird of its power into 
heating the tires. The only construction that has been found to give 
reasonable service under such conditions is that of cord fabric, that is, 
fabric of heavy twisted cords with very few light cross-threads or none 
at all (pickless) , imbedded in fairly soft rubber. The cords are coated 
on both sides with rubber by calendering, cut on a bias angle of 45 to 
oo°, and built into a tire ‘‘carcass” on a drum or collapsible core. “Beads” 
of wire imbedded in hard rubber are attached at the edges of the fabric 
bands to give rigid anchorage to the rim of the wheel (Figure 195). 
“Flippers” and “chafing strips” used around the bead “tie-in” are of 
light square-woven fabric frictioned and coated with rubber. The top- 
center of the carcass, is protected by “breaker strips” of open mesh (leno) 
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fabric or of cords heavily coated with rubber, and a slab of tough abra- 
sion-resisting stock which will form the tread. The sides are protected 
with thin slabs or “sidewalls.” 

For years, cotton has been the only material found suitable for the 
cord fabric, but recently rayon cord has been introduced, with the expec- 
tation that it will prove superior, particularly in hot service. Several 
rayon plants are now producing rayon cord (Rayotwist, Cordura) exclu- 
sively. A large Eastern tire manufacturer expects to employ the rayon 
cord for one-fourth his truck tire production in 1937, and for a greater 
proportion after that. 


Figure 195. — C o n s t r u g t i o n of a 
straight-side cord tiro: A, the flip- 
per or bead covering; By the bands 
or plies; C, the chafing strip; Z>, 
the hard rubber bead with en- 
closed braidfKl wire. 



Passenger tires are built on a flat drum and shaped alter removal 
by means of a vacuum chamber. Truck tires, being much thicker, are 
built on a collapsible core. After removal from the drum or core, the 
inside of the tire is coated with a non-sticky talc or mica composition, 
and an ^'airbag/' resembling a very heavy inner tube, inserted. Steel 
rings, or '^curing rims,^^ are clamped to the tire at the bead to support 
the airbag at its inner side, and the tire placed in a two-piece cast iron 
or forged steel mold which has the lettering, numerals and tread design 
in inverse. This mold may be of the individual, or “watch case’' type, 
having a jacket through which it is heated by steam, or it may be simply 
a movable mold of which 18 or 20 are stacked on a hydraulic ram inside 
an autoclave, where they can be held closed by the hydraulic pressure 

See Chapter 22 for further remarks on the merits of rayon cord. . 
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and heated by steam introduced around them. Air, and sometimes steam 
and hot water, are introduced into the airbag by flexible connections of 
copper tubing, expanding the tire carcass and causing the tread rubber to 
flow into the desired designs. The mold is then heated by steam for a 
specified time and temperature, such as 40 minutes at 307° F. (153° C.) , 
to produce vulcanization. The steam is then shut off, the air released, 
the mold opened, the airbag removed and the tire sent to the final 
inspection. 

Inner tubes were formerly cured on a steel or aluminum mandrel and 
spliced after curing, but now are usually spliced be! ore curing and cured 
in a ^^watch-case’" mold on pressure aj3plied tlu’ougli tlie valve. The cure 
is very short, usually about 6 minutes. 



Figure 196. — An individual 
press of the latCvSt design 
(1937) for ciiring auto- 
mobile tires, also called 
a '‘watch case” mold. The 
casting's are hollow to 
permit steam circulation. 
The mold opens auto- 
matically at the proper 
time. For inner tubes, 
the same type is 

used, but with a smooth 
wall facing the rubber. 
(The Summit Mold and 
Machine Co., Akron, O.) 


Rubber Belting. Rubber belting is of much industrial importance, 
both for driving machinery and for conveying materials. Coated fabric 
is folded as shown in Figure 197, adding layers until the desired thickness 
is reached. A sheet of cover stock, properly compounded to resist abra- 
sion or other service, is then applied around the whole, and the belt cured 
in a flat press between steam-heated platens under hydraulic pressure 
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totaling usually not over 300 lbs. per sq. in. of belt in tlic press. Stretch- 
ing devices arc often used to keep tlie belt in tension during vulcanization. 

Garden Hose. Seamless tubing of compounded rubber is extruded, 
and then passed tlirough the center of a loom which weaves on a cover- 
ing of threads. This, in turn, becomes the core for a second seamless rub- 
ber tube, second cover of cotton threads, and final cover of seamless tubing. 
This last then becomes the core for a seamless tube of lead, which is 


Figurk 197. — Arriinj^oiiioiit cjf canvas 
plies in a rubl.)cr belt f(ir driving; 
convey ors ( cross-section ) . 



extruded by liydraulic pressure from a 'dead press"’ carrying molten lead. 
The die through which the tube is passed is cooled so that the lead-covered 
hose emerges with tlie lead somewliat below its melting i:»oint. Thc'hose 
is wound on a reel, placed in an autoclave, liydraulic pressure applied 
inside the hose, and steam introduced in the autoclave to produce vul- 
canization, after wliicli i^ressurc is released, tlie lead removed by a strip- 
ping machine, and the hose cut into lengths and couplings attached. 

Rubber Heels. Stock for rubber heels is cut from sheets by means 
of a die, placed in molds and cured between steam-heated platens. The 
cure is usually about 15 minutes at 307^^ F. (153° C.). Tan heels are 
colored with red iron oxide. Heel stock contains considerable filler so 
that the heel can be properly buffed. To give some idea of the volume 
of this item, one plant is said to turn out regularly 300,000 pairs of heels 
per day. 

Balata. This is a gum of importance in the rubber industry, for it 
is used in combination witli rubber for golf balls. The crude balata is 
purified by solution in naphtha, filtration, and evaporation, yielding the 
wax-like, nearly white gum. 

Tennis balls arc made by hot pressing two hemispheres, then placing 
a pastille of ammonium nitrite inside, and cementing the two smoothed 
edges by a rubber cement, with heat. The ball is now sealed, and the 
nitrogen from the nitrite forms its inner gas. Two shaped pieces of felt 
are glued on for the covering. 

Gaskets- Compounded x'ubber from the mixing rolls is cut to approx- 
imate circular size by means of very small, rapidly rotating knives; the 
knives are so thin that when whirling they are not visible. The rubber so 
cut is weighed and placed in the mold and cured. On removal from 
the mold the excess rubber is trimmed off by hand and the finished gas- 
ket of proper form and corrugations is ready for use. Small gaskets are 
stamped out. 

Rubber Flooring. Flooring is usually made with a tiled effect. To 
produce this, squares or other shapes of the different colors are cut from 
semi-cured sheets, assembled to form the proper design, and placed over 
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a sheet of black rubber. The whole is then viilcanized under the usual 
pressure with steam heat to form a single piece of rubber, extremely 
durable and easy on the feet. Such flooring is used by the Pullman Co. 
and in many public buildings. 

Hard Rubber. Most soft rubber articles contain only some three per 
cent of sulfur on the rubber. Between about 7 and 30 per cent sulfur 
is an intermediate zone in which the I'ubbcr products have little commer- 
cial value, due to stiffness, poor aging, etc. If 30 to 50 per cent sulfur 
is used, hard rubber resrflts. Due to an exothermic reaction between the 
sulfur and rubber, thick articles of hard rubber have to be cured at low 



ture of cellular air cushions. (Courtesy of Dunlop Tire and Hubbcr Co.) 

temperatures for long periods of time to prevent porosity or “blowing."’ 
Most hard rubber compounds contain lime or magnesia. Organic accel- 
erators are useful in some small articles, but cannot reduce the time of 
cure to make it comparable wdth soft rubber. Hard rubber cures range 
from 30 minutes to 4 hours, and this makes the cost of curing much higher 
than that of similar articles made of synthetic resins, so that in this 
respect, hard rubber is at a disadvantage. 

Cements and Doughs. An un vulcanized rubber compound can be 
swelled with gasoline or benzol, and by successive additions of solvent 
and working in a mixer, converted into a viscous dough or cement. Such 
cements are used to unite rubber surfaces in preparation for vulcaniza- 
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tion, and. as adliesives lor special uses. ^JThe tliicker doughs are used to 
spread on, and thus coat with rubber, fabrics that are too light to stand 
calendering in the ordinary manner. H:osi)ital sheeting and rubberized 
ginghams are made in tliis way, the coated fabric, after the solvent has 
evaporated, being rolled in a liner on a drum, protected with an outside 
rubber wu-ap, and cured in steam. 

JLatex. Rubber latex itself is now used in large quantities; it is 
shipped from the plantation to the consumer in drums, and even in tank 
steamers, after addition of aiinnonia to ]M-eserve and stabilize the emul- 
sion, X^he law latex may be concenti’ated by ci'eaining, by centrifugin^*' 



Figure 199. — Trimmin**: vulcanized and di*iod cellular rubber cushions, made 
from latex. (Courtesy of Dunlop Tire and Rubber CIJo.) 


or by evaporating iiart of the water after addition of a stabilizer, or in 
a vacuum. Sulfur, accelerators, and other compounding ingredients may 
be added by using proper protective colloids. Forms clipped in such com- 
pounded latex are used for making toy balloons, gloves and other* thin 
objects. By making the form tlie anode, in an electrolyzing cell, thicker 
coatings may be deposited; the latex iiarticle has a negative charge and 
separates out at the anode. Here also, the rubber deposit on the coated 
form is dried and cured in an air oven or a hot water bath. 

To make the heavy rubber gloves used for protection in acid plants 
for instance, a porcelain form the shape of a hand is coated with calcium 
nitrate solution, and then dipped into compounded latex; a deposit forms 
of the exact shape of the hand; after it is thick enough, the form and 
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glove are plunged into warm w'ater for curing. The finished glove may 
then be stripped off. The whole operation from beginning to end is a 
matter of minutes. 

Sponge Rubber. Sponge rubber may be made by incorporating 
ammonium carbonate or stearic acid and sodium bicarbonate in a very 
soft rubber stock. The heat of vulcanization releases and COo which 

inflate the compound to a spongy mass, the size of the pores depending 
on the amount of gas, the softness of the stock and the rate of vul- 
canization. 

Sponge is also made from latex, to which as been added a frothing 
agent (such as a castor oil soap) and into which subsequently air has been 
beaten. A slow acting coagulant is then added and the whole poured 
into forms (Figures 198 and 199) . The delayed coagulation allows some 
10 minutes for the pouring. The coagulated mass is then cured by immer- 
sion in hot water for some 20 minutes, removed, whizzed, and dried with 
gently warmed air. The volume of air in this tyi)e of sponge rubber is 
4 to 5 times that of the rubber. The upholstering in the new stream- 
lined trains is mostly sponge rubber. 

Synthetic Rubber. When crude rubber was bringing $1.00 a pound 
in 1918, the incentive was strong to develop a synthetic rubber or sub- 
stitute. To help meet its shortage during the world war, Germany made 
many tons of synthetic rubbers from polymerized isoprene, CHoi 
CHC (CH:i) rCHo, and butadiene, CHotCH * lorcpared from 

acetylene or benzol. These, however, were i)oor substitutes for natural 
rubber, and at lower prices there has been less incentive to improve them. 
In 1932, however, a new synthetic rubber, ISTeoprene, was announced, 
which, -while more expensive than natural rubber, has found large uses 
in gasoline hose and similar products on account of its oil resistance. 

This new rubber called ISTeoprene (formerly Duprene) is made by 
passing vinyl acetylene in gaseous form (50 parts by weight) through a 
solution of cuprous chloride (25 parts), wdth ammonium chloride (10 
parts), in concentrated h^^drochloric acid (175 parts). The reaction ves- 
sel is maintained at 30° C. (86° F.) . There is formed 2-chloro-l,3 buta- 
diene, also called chloroprene, CHozCCl ■ CH[:CH 2 , with boiling point 
59.4° C. (139° F.), at atmospheric i^ressure, which is swept out at once 
by an excess of hydrogen chloride. The chloro-butadiene is condensed, 
mixed with a small amount of pyrogallol and distilled with steam at 
reduced pressure (100 mm.) . The yield is about 65 per cent. 

The vinylacetylene is made in a preliminary operation. Acetylene 
is swept through a concentrated solution of cuprous chloride with 
ammonium chloride held at room temperature. The issuing gas is cooled 
to — 70° C. ( — 94° F.) ; the vinylacetylene, CH i C - CH:CIl 2 , with boil- 
ing point of 5° C. (41° F.) , is condensed, while the excess acetylene is 
allowed to pass on for re-use. The product is purified by distillation. 
The purpose of the rapid sweep through the catalyzing solution is to avoid 
the formation of undue amount of divinylacetylene. Similarly, in the 
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case of cliloroprcnc, tlic rapid sweep avoids the addition of a second 
molecule of hydrogen chloride. 

The liquid chloroprcnc polymerizes spontaneously, with no other cata- 
lyst than a small amount of air, to a tough and dense jelly, the new' rub- 
ber. This first polymer, the oc-polymer, is plastic; left to itself, it loses 
its plastic property and becomes clastic in 48 hours at room temperature, 
or in a few minutes at 130"^ F. (54^ C.) , producing the //-polymer, the 
cured rubber. Sullur is not needed. Suitable catalysts are, for the 
rapid curing with heat, zinc chloride, aniline, naphthylaminc, benzi- 
dine. If, on the otlier hand, it is desired to retain the a-polymer, it may 
be mixed with diplicnylguanidine and may then be kept unchanged in the 
plastic state indefinitely. Tlic stal^ilizer used commercially is designated 
as the antioxidant ISfeozone O. 

Artificial latex may he i)ro<huied in a startling way. The liquid 
chloroprcne is emulsifies I in water with a small pci'centage of sodium 
oleate; the droplets soon polymerize, giving a colloidally dispersed ISTeo- 
prene. It may be stabilized by adding sulfonatcd abictene.'^ 

The plant in which TSTeoprene is now (1937) being manufactured has 
a capacity of 1,000,000 pounds a year. 

Reclaimed Rubber. Scrap vulcanized rubber may be reclaimed to 
yield a product which is an auxiliary to crude rubber in the manufacture 
of many tyiDcs of goods. The largest source of scrap is worn-out tires, 
which arc reclaimed cliiefly by the alkali j^rocess developed by A. II. 
Marks in 1899. Beads are removed from the tires, and the remaining 
carcass finely ground and digested in 4 to 8 per cent caustic soda solution 
at 160 to 200 lbs. pressure for 8 to 24 lioiirs depending on tlic type of tire, 
truck tires taking longer. Oils and swelling agents arc also added. This 
digestion removes all free sulfur, destroys the fabric and partially depo- 
lymerizos the rubber scrap, which is then washed, dc^vatcred, dried, and 
'“refined” by several joasscs through a refiner. The latter is similar to 
a two-roll mill, with rolls only 30 in. long and set very tightly together. 
The final sheet comes from the refiner .002 to .005 in. thick, and is col- 
lected into a slab on a drum. The \isc of reclaim fluctuates with the price 
of rubber, annual consumption varying between 20 and 50 per cent of 
that of crude rubber. 

Otiiior Patidxts 

1,830,749, a coiripoiindinp; ]:)rocr‘ss for increajsing the resistance of rubber to 
deterioration duo to ap^inj? by incorporating: a monohydroxy anti-oxidant having; the 
general formula BO — R — Ri, where R and Ri represent aryl radicals, at least one 
of which is a phenyl groupinjo?; 1,797,250, process for manufacture of transparent 
and vulcanized rubber; 1,880,528-9, the reaction, product of nitrosonaphthol and 
mercaptathiazolo as an accelerator; 1,832,163, accelerating the vulcanization of 
rubber by vulcanizing in the presence of carbisopropoxythione disulfide; 1,869,172, 
compounding rubber, using the still residue from the purification of light oils ; 
1,862,334, a stock fabricating machine for niaking pneumatic tires; 1,859,337, a vul- 
canizing mold for inner tubes; 1,879,194, a vulcanizer for retreading automobile 
tires; 1,826,091, reclaiming waste rubber; 1,797,243 and 1,806,388, rubber dispersion 
with potassium oleate; 1.755,891, dispersing coagulated bodies by introducing clay, 
mixing* and removing the clay by addition of water (W. B. Pratt) ; dispersing by 

s U. S.. Patent 2,002,622. 
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means of a solvent, 1.621,468; by means of glue and saponin, 1,732,027; by means of 
a colloidal substance, 1,731,725; 1,874,546, coagulation of latex emulsion; 1,885,154, 
process to produce a concentrated and purified rubber latex; 1,850,673, reducing the 
alkalinity of latex by treating with silica gel; 1,804,157, a creaming agent for latex ; 
2 029,410, on chemical products and producing same (ISTeoprene) to Wallace H. 
Carothers, Arnold M. Collins, James E. Kirby, with 30 examples, 25 claims; 
2,002,622, on stabilizing latex. 

Proble:ms 

1. In the analysis of a rubber compound, the rubber is first treated with acetone 
in order to remove or extract the "‘free” sulfur, and then the sulfur which is “com-- 
bined"' with the rubber, or one of the admixtures, is determined m the residue by 
combustion for example, or by oxidation, leading in eithcu’ case to a precipitation 
in the form of barium sulfate. In a sample under study, the acetone extract is 
found to give 5.4 per cent free sulfur on the weight of the sample. The extracted 
sample is shown to have 3.1 per cent sulfur based on the weight of the extracted 
sam pi e . 

(a) What is the percentage of “combined sulfur” in the original sample? 
(b)What is the percentage of the “combined sulfur” if Ihe original sample contained 
o.O per comt lithopone (29.0 per cent ZnS. 71.0 per cent BaSO<i ? Koto: KaSOt in the 
lithopone is filtered off along with any insoluble residue after oxidation, while the 

ZnS is dissolved. ^ i i 

2 Given the following data on a tread stock, what is the cost i)er pound, what 
is the cost per volume / and what is the specific gravity of the resulting stock? 
What saving is possible if the loading of carbon black can be increased to 28.5 
voHimes and the present stock is used at a rate of 1.000,000 pounds per month? 



Parts by weight 
pounrls 

Cost per 
pound 
dollars 

Spec. 

gravity 

Smoked sheets 

100.0 

0.25 

.92 

Zinc oxide 

5.0 

.06 

5.57 

Ca rb on block 

47.0 

.06 

1.80 

Captax 

1.0 

.50 

1.42 

Sulfur 

3.0 

.02 

2.05 

Stofiric acid 

4.0 

160.0 

.11 

.92 


.Vo^r.s'. Make a fourth rolunm with the costs for the weights taken. To Tinrl tlio volume for 
an item, diviMf? the weight by the specific gravity; call it the pound -vol umo, and make a fifth 
column with the pound-volumes. Total it. 

The total part.s bv weight, in pounds, divided by the totaled pound -volume, gives the 
specific gravity. This should also be the specific gravity of the cured stock (it almost is). Since 
you are to make a volume loading, you must base it on 100 volumes of rubber, not on weight. 
For example, the present loading of carbon black i.s 26.1 108.7 == 24.0 volume loading. 

To calculate the weight which goes with the new_ volume loading, remember that this (28.5 
volume load) is on the volume of rubber. To place it on, 100 pounds of rubber basis, multiply 
by 1.087. Answer : $2844. 

(Cost pounds) X sp. gr. = cost per “pound -volume,'* that is, per volume equal to volume of 
1 pound of water. 

The reason the volume relations are so important is that a given number of molds, W’-ith. a 
definite volume, must bo filled by the compounded rubber stock wliicli is prepared. 

(!\Itio1i further information will be found in the “Vanderbilt Itubber Handbook, 1936,” publislied 
by R. T. Vanderbilt Co., 230 Park Avenue, >Jew York, N. Y.). 


Ke.adii^g Keperexces 

A collection of references on rubber has appeared under the name “Systematic 
survey of iiibber chemistry,” Bedford and Winkelmann, in which special topics 
should be selected. Kew York, Chemical Catalog Co., Inc., 1923. 

“Rubber,” Philip Schidrowitz, London, Methuen <& Co., Ltd., 1911. 

“The chemistry of rubber manufacture,” Lothar E. Weber, London, Ch. Griffin 
and Co., 1926. 

“Rubber latex, recent scientific and technical developments,” V. K. Morris and 
U. W. Greenup, Ind. Eng, Chem., 24, 755-770 (1932), with 12 illustrations and 184 
references. 

“A century of technical progress in the rubber industry,” K. A. Shepard, Ind. 
Eng. Chem., 25, 35 (1933). 
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'•Some recent en^iiiiieoiMiiK ai)i>licnl ions of rubljcr,” J. 11, Hoover and F. F. 
Haushalter, Bid. B^tg. Chetn., 23, 462 (1931). 

'•'Cultivation and preparation oi rubber in tlie IJ. S./’ 11. Spence, Ind. Erin. 
ChcTTi-y 22, 384: (1930). 

"The nature of vuleaiiizatioip” 11. P. Stevens and W. II. Stevens, J. JSoc. Chem. 
Ind 48, 55T and GOT (1920). 

"Mastication of rubber,” W. F. liusso, Ind. Eng. Chem., 24, 140 (1932). 

"Tatex,” E. A. Ilausca-, translated l)y \ V . J. Ivclly, IN’cw York, Chemical Catalog 
Co. Inc., 1930. 

'•'Science of riibbtu',” Iv. Meniiiiler, (,ranslat(Ml by It. F. Ilunbrook and V. IST. 
Morris, Is^ew York, Cli(uiii<*.al Catalog Co., Irua, 1933. 

“A new jihistic nialc'rial A t us(ul among oLlicu* ways as a. (;omi)ounding ingre- 
dient for jSreopreno, and also on llic' ethyhaie polysulfide plaslic known as Thiokol, 
S. D. Shinklc, A. E. Brooks, aiul (b II. Ctuly, I . Eng. (:ha)n., 28, 275 (1936). 
Made from etliyhuK’; dichlori<le and aromatic liydrocarbons of forinula R . Ojlli . R, 
in presence of AlCl,-,. 

"Acetylene polymers and lluar d<‘ri va t.i\ (‘s. I. (•< )n f rol le<l poly nu 'riza.1 ion of 

acetylene,” J- A. hT icai wland , W. S. Ctdcoll-, F. H. Ilowning imd A. S. Carl.f'r, ,/. Am. 
Cheni. Soc., 53, 4197 (1931). 

"Acetylene loolymors and llieir < l(‘ri\’a t i\'(‘s. II. A lu'w syntlu'lic rubber: chloro- 
prene and ils polymers,” Wallace II. Ckii-ot lu'rs, Ira Williams, Arnold M. CJollins 
and James E. Kirby, J. Atn. (Uu tn, Ei>r.. SZ, 4203 (1931). 

"What resen, rch crea.f('s, c-lHUiiical (*ngin<H'i-iug a c-li i(‘\'('s,” Sidiu'y 1). Kirkpat rierk , 
Chem. Met. Eng., 42, 5S7 (1935). 

"Rate of cure of reclaimc'd i-ubbcu*, IT.” T''. J.. K i !l )r)urn , Jr., and C. W. Miller, 
Ind. Eng. Chem., 22, 60 (b)30). 

"Organic accelerators,” (leorg(‘ Censlager, Ind. Eng. (Uii'ni., 25, 232 (1933). 

"The Vandcrldlt 1936 Rubber Trand])ook,” W'. i\ RussCl, Xew York, R. T. 
Vanderbilt Comiainy. 1936. 

"The chemistry of rul)l>cn',” Ibn-lxa-t Fia'undlich, T.oncloii, Mcdliuen tfc Co., Tdtl., 
1935. 



A. connect ci'p<praisal of zvhat o.ducmtage may be deidved from the 
'patent laivs^ and a kno'wlcdge of its dangers and limitations^ are an 
essential part of the education for the future chemical engineer and 
industrial chemist. 


Chapter 40 
Patents * 

A patent is a publication, a disclosure, for the benefit of the public, 
of posterity. 

A patent is granted by the government in consideration of the dis- 
closure of a means or method which may be applied to practical use. 
The purpose for issuing patents is to encourage the development of the 
practical arts. Inventions disclosed by patents arc for the ultimate 
benefit of the public. As an inducement for creating inventions, and for 
divulging their secrets, the law offers the inventor a monopoly for a 
limited period. 

This may be a doubtful gift, since the burden of enforcing this 
monopoly is carried by the patentee, and infringement on the inventor's 
patent must first be discovered by him, and unless the infringer settles 
or ceases his infringement, suit must be brought in the Federal courts 
and prosecuted by the inventor. The law is passive; if the patentee 
succeeds in proving the charge of infringement, the courts will grant 
an injunction during the life of the patent and award damages and 
profits. Frequently it is difficult to prove that there is an infringement, 
particularly for the chemist patentee, since usually cliemical plants are 
closed to public inspection. However, if there are substantial grounds 
for believing that there is a case of infringement, the coiirts will compel 
the alleged infringer to disclose fully. If the patent is on a chemical 
product which can be made in only one way, the problem is simpler; 
but such articles are few^. As a rule, the products are well known and 
can be made in a number of w’-ays, so that the mere selling of the product 
proves nothing. The infringement of a patented automobile device is 
comparatively easy to determine, since the invention must appear on 
the public highways; similarly a new and improved type of cardboard 
box, suitable for an egg container, necessarily must appear in public, 
and the question of infringement is comparatively simple to determine. 
This may not be true with the average chemical patent; the infringer 
may hide behind factory walls; the article put on sale may reveal noth- 
ing as to its method of manufacture. For this reason, not infrequently 
chemical processes have been kept secret. 

Keeping a process secret, however, also involves risk; an unfaithful 
employee or partner may take out a patent on such process and force 
the original discoverer to pay tribute on his own discovery. This may 
seem a harsh rule of law, but the fundamental principle of the patent 

* In colla1>ora'tion. withi Mr. J. William EUis, of Buffalo, attorney, and lecturer on patents at 
the University of Buffalo. 
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law is that inventive dis'covcry shall be made public for the benefit of 
the public, and he who chooses to keexo the invention secret, must do 
so at his own risk. A monopoly based on a secret lorocess is unsafe, 
unless the secret is so thoroughly guarded as to substantially preclude 
the possibility of outside parties learning the secret. 

It goes without saying that no reputable business house will con- 
sciously infringe, but will gladly give to inventive ability due recognition 
and reward. The danger of loss of the monopoly comes from the acts 
of individuals and cori)orations in business whose policy is determined 
by greed rather than principle. 

The patent law is rooted in the Federal Constitution and is defined 
bv Congressional statutes^ Its pur^oose is to obtain for the benefit of 
the public valuable information which, will advance the practical sciences 
and arts, wdiicli otherwise might lie lost on the death of the inventor. 
The law is j^rimarily good for tlu*: i)uhli(‘ an<l, for a limited peu-iod, l)ro- 
tects the inventor. 


STATir-'roRV Cr.Assios ov Invention" 

The patent statute dividers patentable subject matter into four 
classes: viz,, arts, niacliincs, manufactures, and (‘oinpositions of matter. 

1. The word “art’^ in the; stain to inciliitlos the subst antially synonymous terms 
■'^process,” ‘hnode/’ ami ‘'uietlu)cL” This loi*ni includes an act or a s(‘ric‘s of acts 
which may be carrical out, by htind or otherwise, without r<.‘f('r(.aie.e lo imy s]>ocial 
mechanism, such as the art of dytang av steel niakinj^-. 'The mere function of a 
machine cannot be patcntetl as an art or proc<\s.s. lb is under Iho heLidinii; of an 
art, method, or process that many chemical patents are granted, altlioiigh soim‘ 
are granted as coini)ositions of iuatt.<n‘. 

2. A ‘'machine” is usually a combination of mechanical parts which arc adapted 
to receive, transmit, and modify force or motion to do useful work. 

3. The term “manufacturcj” covers articles or fabric made as finalities and thereby 
distinguished from iniLchines by not having any rule of action, and from composi- 
tions of matter by not involving the relation of ingredients. Examples are a chain, 
a lamp, or a chimney. 

4. A “composition of matter” is a compound of two or more ingredients forming 
a homogeneous whole, such as paint, glue, ink, or a dye. 


Patentabit.ity 

The subject matter of a i:)ateiit must involve invention; it must be 
new; and it must be useful. 

(a) The question as to whether a creation is an invention is largely 
a question of fact. No court has been able to give a general positive 
definition of this term as used in the patent law. Many rules have been 
made for testing the question of invention, substantially all of which are 
negative, but they, nevertheless, serve as guides in most cases as well as 
positive rules. Some of such rules are: 

1. Mere mechanical skill is not invention. 

2. Excellence of workmanship is not invention. 

^Article 1, Section 8; the Patent Office was establLslied by Act of Congress in 17^ ; the first 
patent was - a chemical one, for a process for making potash and. pearl ashes CU. o. Jratenii i, to 
Samuel Hopkins, July 31, 1790). 
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3. Usually llie substitution of one material for another is not invention; thus 
if wood is replaced by aluminum, bakelite, or iron, this docs not constitute an inven- 
tion, unless such substitution produces some new and unexpected results. 

4. A chang:e of size is not invention. 

5- A change in degree or form is not invention. 

6. An aggregation of parts which does not interdependently co-operate to pro- 
duce a useful result is not an invention; thus the courts have held that a rubber- 
tipped lead pencil cannot be patented, since the lead and the rubber are not 
simultaneously used. 

7- Mere duplication of parts is not invention. 

8- The omission of an element is not invention. 

9. The substitution of an equivalent is not invention. The breadth of patent 
claims depends largely upon the interpretation of cquiv'alcnts. In general, it may 
be said that a basic or jjioneer invention will have a much greater range of equiva- 
lents than an invention making only a small advance in an ostablishecl art. 

10. Using an old thing for a new ami analogous purpose is not invention. 

(b) An invention must be new. This means that the invention must 
not have been the subject of publication anywhere in the world prior to 
the date of invention here, and must not have been in use in the United 
States of America prior to such date of invention. Foreign i)atents are 
called pid^lications- Therefore, no valid United States patent can be 
granted for any invention described in patents issued in countries foreign 
to this country. 

ISTovelty is not negatived by abandoned experiments; if experiments 
have been i)erformcd. and then dro]:)ped, even though impartially or acci- 
dentally performing the function desired, such experiments will not antici- 
pate a later i>erfeeted invention. If, however, sucli oxperinionts are com- 
pleted and a patent application is filed in the Patent Office within two 
years after the first ])ublic use, a valid patent may be secured. 

Prior accidental production is not an a,ntici])ation and docs not 
destroy novelty. 

The prior use of an invention in countries foreign to this country i.? 
not an anticipation; but a x^i'ior domestic use is an anticipation. 

(c) The invention must be useful in the industrial arts. This limi- 
tation automatically rules out many freak inventions which would con- 
sume the time of the examiners and give nothing of value to the public. 
An inoperative combination or process, which will not answer the pur- 
pose for which it was intended without redesign or alteration, is not an 
invention. 

A scientific principle cannot be patented; a useful application of it 
to the industrial arts must be presented. Likewise the principle or func- 
tion of a machine cannot be patented. 

Patent Applications. All patent applications must be filed with the 
Commissioner of Patents at the Patent Office,- Washington, D. C. 
A preamble recites the object of the invention; this is followed by a 
description of the invention, which must be full, clear, concise, and exact 
enough to enable any person skilled in the art or science to which it 
pertains or to wffiich it is connected most closely to make and use the 
invention. If it is a machine, the description must be exact enough to 

- Since 1925, part of tire I>epartment of Commerce. 
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enable its inaiiiii acturc ; it it is t\ eonipositiou of niMltor, the descriiotioii 
must be clear enough to permit the compounding; if the invention is a 
process, the method of carrying it out must be clearly described. 

The claims follow the description and point out the novelty of the 
invention. For each novel juirt, a distinct and formal claim is necessary, 
since patents are not granted except for tliose novel disclosures which 
are distinctly claimed. The inonopoly granted is limited to the contents 
of the claims. 

The application ivS accompanied by an oath made by the inventor, 
setting forth that he is the sole inventor (or if more than one, that they 
are the sole joint inventors), that he docs not know and docs not believe 
that his invention was ever known before his discovery thereof, or pat- 
ented or described in any indiited publication in any country before liis 
discovery thereof, or more than two years prior to his ap]dication, or 
in public use or on sale in tlie ITnited States for more than two years 
prior to liis application; and further that liis invention has not been 
patented in any count ry forcugii to the Ilnitc^l States on an application 
filed by him or on his authority more than twelve months i)i*ior to liis 
application. 

Whenever drawings will make tlu' ( lis<‘losuia^ cdc'arer, (]u'\' must hc' 
presented with the a])i)li(*a.t ion. In former yeai’s, modchs wcrc.^ rcaiuired, 
but they arc not any longer. 

The fee due on the patent application is ^20 when filed, and the 
final fee for issuing the I'lalent is $20. The fees for design patents vary 
according to their term. 

Patent OiELce Actions. On receipt at the Patent Office, an appli- 
cation is given a serial number and then goes to one of about fifty 
different divisions, each one of which handles a single groui:> or a series 
of related groups of inventions. Each of these divisions is supphied with 
copies of all domestic and foreign p^atents and most of tlic p^ublications 
on the subjects handled in that division. Each division has one head 
or p^rincipal cxiirnincr, and a number of pyrimary or assistant examiners. 
If the ap")plication is rejected because of p'lrior p^ublication or technical 
defects in the form of the app:)licatioii, a letter of rejection is returned 
to the applicant or his attorney, setting forth succinctly the reasons for 
rejection. The aj:)p)licant or his attorney must secure copies of all ref- 
erences cited by the examiner, and he has one year from the date of 
the office action in which to amend his application, or point out to the 
examiner the differences between the disclosures of the publications 
referred to and his own invention. The wording of his original appli- 
cation may be changed by amendment, but the applicant is not permitted 
to add any new matter. If the application is twice rejected on the 
same grounds, such rejection is made final; the applicant may then 
appeal to the Board of Examiners-in-chief of the Patent Office; from 
this board, he may appeal to the Commissioner of Patents; from the 
Commissioner's decision, he may appeal to the Circuit Court of Appeals 
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of the District of Columbia. The decision of the last-named court con- 
trols the action of the Patent Office on the matter at issue. 

Interferences. It sometimes happens that two patent applications 
for substantially the same invention are pending in the Patent Office 
at the same time. An interference is a proceeding instituted for the pur- 
pose of determining the question of priority of invention between two 
or more parties claiming substantially the same patentable invention. 
Patents are granted to the first inventor. The fact that one of the 
parties to an interference proceeding has already obtained a patent 
will not prevent an interference, for, although the Commissioner has 
no pownr to cancel the patent, he may grant another patent for the 
same invention to the person who proves to be the prior inventor. The 
first inventor to file his application in the Patent Office is the senior 
party to the interference. The burden of proving the date of invention 
is upon the party who last files his application. If he succeeds in 
overcoming the date of the filing of the first party’s application, then 
the burden of x:>roving priority of invention shifts to the part^^ first filing. 
Priority is determined by proof of a scries of facts, such as: 

in') the date of the conception of the invention; 

(?:>) the date of the disclosure of the invention to aiiothcn- ])ersoii ; 

(c) the date of the first drawings, if any; 

id') the date of the first model, if any; 

(c) the date of the first reduction to practice, such as the commercial operation 

of the invention; the date of filing a patent application is in the patent law a con- 
structive reduction to practice. 

The importance of keeping properly dated memorandum books, or 
notebooks, or other proof concerning the invention will at once be appar- 
ent to the young chemist.^ 

If there are no rejections, or if the rejections have been overcome, 
and if no interferences have been found, the applicant is notified that 
his patent will be allowed; he is then given an interval of six months 
within which to pay the final fee for issuing the patent. All patents are 
issued on Tuesdays. If the final fees arc paid on or before a Thursday, 
the patent will be issued on the fourth Tuesday thereafter. 

Searches. Much information as to the advisability of patenting an 
invention may be obtained by means of preliminary searches. Such 

A bill to cstablisli a Oourt of Patent Appeals was introduced, in tlic United States senate 
in January, 1937, by Senator ]\TcAdoo. The court would have exclusive appellate jurisdiction 
to review by appeal final decisions of the district courts ; it would have three permanent scientific 
advisers. 

3 The United States Department of Agriculture had filed suit (in IVTarch, 1932), with tue 
United States Court of Customs and Patent Appeals, contesting the validity of U. S. Patents 
1,787,416 and 7, granted to Alfred Wohl, of Germany. The patent 1,285,117 issued to Gibbs and 
Conover in November, 1918, bad been cancelled by the Court of Appeals at the time the y7ohl 
patents were issued- The Question of the date of "reduction to practice” in the case of each 
invention became the determining factor The date for Gibbs-Conover is September 7th, 1916; 
for 'Wohl, either September 4th or 9th, 1916, depending upon the interpretation of "reduction to 
practice” by the court. In March, 1934, the court awarded priority to Wobl, and declared the 
Wohl patents valid. The original application to the German Patent Office by Wobl, of June 28th, 
1916. was amended by him on September 4th and again on the 9th, 1916, listing the higher 
temperature, 360 to 550*^ C. , which had been also stated by Gibbs. The court decided that "XVohl 
was ^titled, to a date for reduction to practice at least as early as the date of the filing of his 
amendment Nothing solid earlier than September 4th could be shown by Gibbs and Conover. 
This case bnngs out the importance of the availability of proofs of date and hour of “reduction 
to practicse. 
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seai’ches may be made for the purpose of determining in advance the 
patentability or the validity ol proposed claims, or whether the inven- 
tion would infringe prior patents if commercially exploited. These 
searches arc never performed by the Patent Office until after the patent 
application is filed, but they may be obtained through attorneys who 
are skilled in this work. In the Patent Office all domestic and foreign 
patents are classified according to their subject matter. There is no 
other place wdiere such a classification can be found. It is, therefore, 
essential that such searches be made in the Patent Office by those wlio 
are familiar with the classification. 

Patentability searches are made to determine whether an invention 
is novel and pmtcntable. Such searches are made among the issued 
patents, and reports ui^on them are usually accompanied by a few 
selected coi^ies of the patents closest to the invention searched. Such 
a search determines the advisability or inadvisibility of filing a patent 
application. The cost of sucli searches varies from $5 uj^ward. The 
search made by the inventor through complete files of iDatents is usually 
productive of much waste* of time and is incoiudusive, since thcj files of 
patents in the libraries are not (dassifuid and many ])c*rlinent ])atents 
may be overlooked. 

A determination of whether tlie invention has been in public com- 
mercial use is difficmlt to make. The knowledge of the commercial men 
of the art is frequently valuable in determining this question, but some- 
times a restricted public use may have been made and not be known 
to those familiar with the general trade. If the invention has been in 
public use, even though such use is restricted, for more than two years, 
it will invalidate any patent granted on the invention. 

Validity and infringement searches cover substantially all of the 
patents which come within the scope of the invention in question and 
are made in order to determine, as |:>ositively as can be done, wliethor 
the proposed i)atent, if granted, would be valid, and the invention, if 
commercially made, would infringe prior patents. Such validity and 
infringement searches arc usually ejuite expensive and frequently cost 
several hundreds of dollars. It should be noted that the Patent Office 
merely determines the question of novelty and does not attempt to 
determine the question of p)ossible infringements of prior patents ; the 
grant of a patent docs not guarantee the inventor that his invention is 
free from the dominating influence of a prior patent. In expensive com- 
mercial operations, therefore, validity and infringing searches are quite 
important- 

Title. The monopoly granted by the patent belongs to the inventor; 
it is property and the title is vested in him. Such title is absolute and 
unqualified; the Federal Government can not take it away from him; 
the State can not interfere. Only a court in bankruptcy can pass title 
to a patent without the written consent of the patentee; a receiver in a 
State court may administer a patent but can not transfer the title. 

The monopoly granted by tlie patent is legally transferable. The 
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patentee liimself may pass title to any other person or to a corporation, 
but he must do so by means of a written assignment. In order that an 
assignment shall be legally effective against a claim by strangers who 
did not know of such assignment, it must be recorded in the Patent OflS.ee 
within three months after its date. If such record is not made within 
the time stated, a subsequent assignee, not knowing of the first assign- 
ment, may secure a valid title to the patented invention, if he com- 
plies with the law by recording his subsecpient assignment, and, in 
that event, the only remedy of the first assignee is to sue the assignor for 
fraud. 

The patentee, if he pleases, may refrain from making, using, or selling 
his invention and may decline to permit others to do so. The patentee 
may retain title to his patent, and grant licenses to operate and sell 
or use the invention under any desired expressed conditions or wdthin 
certain territorial limits or for limited periods. The law’ does not require 
that licenses be recorded. Such licenses may be either verbal or written. 
Unless the patentee is a reputable person, the purcliaser of the title to 
the patent may find that previous licenses liave substantially detracted 
from the value of the patent. 

Period of the Monopoly. In this country the patented monopoly 
is seventeen years from the date of the issue of the patent, except that 
design patents arc granted for a period of three and one-half years, or 
seven years, or fourteen years, as the applicant may elect. Many years 
ago the law provided that patent monopolies might be extended, but 
that provision of law has been rex:)ealed and now no patent can be 
extended except by act of Congress. If, however, improvements on the 
original are made, such improvements may be i>rotccted by patent and 
thereby frequently the monopoly is, in effect, continued for a longer 
loeriod than the seventeen-year original grant. The original patent may 
cover the disclosed invention only in a crude way ; refinements come 
with practice, and such refinements may fairly be protected. In many 
cases the protection on improvements w’ould exist without specific 
patents on such imiorovements, since the original invention during the 
seventeen years’ monopoly may so improve the art that successful com- 
petition is not to be feared. Of course, such a condition does not ai3ply 
in all cases. 

Disclaimers and Reissues. An inventor may find, after his patent 
is granted, that he has claimed more than he originally invented or was 
entitled to. In such case he may prepare and file in the Patent Office 
a paper containing a disavowral or disclaimer of such excessive claims 
retaining, however, that j^art of his invention which is truly his. The 
patent remains valid for the parts which are justly and truly his inven- 
tion. Such a paper is called a disclaimer. The advantage of a dis- 

In England, 16 years; Canada, 18; Belgium, 20; France and Germany, 15 years. A revision 
of the French law makes the period 20 years after 1933. In Germany, the period is reckoned 
from the date of the filing of the application; in this country, it is reckoned from the date of 
issue, an important difference. 
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claimer lies in the lact that the danger of invalidity is thus removed if 
the question becomes an issue in the courts. 

A patent may be found to be invalid or inoperative because of inad- 
vertence, oversight, accident, or mistake without fraudulent or deceptive 
intent; in that case, it may be surrendered to the Commissioner of 
Patents, who on proper showing will reissue it in the corrected form. 
The statute does not state how long a x^eriod may elapse after the issue 
of a patent before a reissue must be applied for, but many decisions 
have held that a lapse of more than two years is fatal to the grant of a 
valid reissue. 

Foreign Statutes. A United States patentee has the right to apply 
for patents in countries foreign to this country. He must claim these 
rights within t\velve mouths from the date of filing his aj^iDlication in 
this country if ho washes to pres(u*ve his original filing date; or he may 
file his foreign patent ap])li(*ations at any time before the actual issue of 
his patent in tliis country. If he does ueitlier of these things he loses 
the ojofoortunity of secairlng a nu)noi)oly in many countries. So far as 
novelty is concaa-nc‘d, the laws of substantially all foreign countries pro- 
vide restrictions similar to those existing in this country. Most foreign 
patents, however, are subject to taxes and in many foreign countries 
manufacturing of the inventions must be done wdthin a year or more 
after the grant of the patent in those countries. Unless the foreign 
taxes are paid and the foreign manufacturing requirements complied 
with, the patents in most foreign countries are thereby rendered invalid. 

No taxes are joayable on Canadian jiatcnts. In Great Britain taxes 
are payable only after the expiration of the fourth year of the life of 
the patent. There are more tlian one hundred and fifty different coun- 
tries in which patent laws exist.^‘ The question of whether a foreign 
patent should be taken out dexiends largely on the subject matter of the 
invention, and the industrial condition of the country in question. 

It should be here noted that an invention patented in a foreign coun- 
try, and not patented in the United States, may be legally made, used, 
and sold by any one in this country. Likewise, an invention patented 
only in the United States may be used by anyone in any country foreign 
to the United States without violating any legal rights of the patentee. 

Infringement- Suits for infringement must be brought in the Fed- 
eral District Courts by means of a bill of complaint. The defendant 
files an answer to the bill of complaint. Many defenses may be set up 
in the charge of infringement such as anticipation by means of prior 
patents, prior publications, or prior public use, or on the grounds of 
insufficient disclosure or absence of utility, or inoperativeness, or aggre- 

^ This is a serious handicap for the American patentee ; the foreign patentee who has regis- 
tered his patent in the XJ. S. Patent Office is not required to manufacture here. 

° All countries not have the same methods or rules for judging and issuing patents. French 
patents issue immediately axrd without examination, hence they serve as advance signals for patents 
filed in other countries, and their factual value is small. German and Dutch patents issue slowly and 
after painstaking examination, so that they are more apt to be limited to genuinely novel subject 
matter. The British patents and Canadian patents are about equivalent in stringency of judgment to 
the United States patents. 
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gation. Of course, proof of non-infringement is sufficient to cause the 
bill of complaint to be dismissed. 

Prior to the trial of a jDatent suit in the courts, depositions of fact 
witnesses may be taken, providing such witnesses live more than one 
hundred miles from the place of trial. These depositions are taken by 
either oral or written interrogatories upon examination and cross-exam- 
ination of the parties to the suit or their attorneys. After being taken, 
such depositions are filed with the trial court and become a part of the 
trial record. Experts giving depositions, relating to the subject matter 
of the patent involved, must give their testimony in open court. The 
court rules provide that if the court understands the matter and does 
not desire such experts, such expert testimony is not permitted. 

A suit brought for damages, profits, and for an injunction is an action 
in equity, and is tried before a judge without a jury ; a suit to recover 
damages only, is tried before a judge and a jury. 

In former years, proV^ably in 90 per cteut of the successful i.)atcnt 
suits, claims for profits and damages were waived because of the diffi- 
culty of legally establishing them; within the i)ast few years, however, 
court decisions have modified the jniles as to the burden of pi*oof so that 
it is much easier for the plaintiff to establish proof of profits and dam- 
ages and much more difficult for the defendant to csca 2 )e claims for 
such profits and damages. Itecoveries in suits are, therefore, 

much more common now than formerly. 

Shop Riglits. If an employee in a manufacturing x.)lant makes an 
invention while in such einx^loy on the time and with tlie materials of 
his employer, and thereafter secures a patent on such invention, the 
company" or individual owning the plant has what is known as a shoj) 
right or a sho}:^ license; that is, the eniifioycr can make, use, and sell 
the i^atented invention in such jilant without the consent of the ijatentee. 
The monopoly of the patent, hoAvever, outside of tlie i^lant, is still solely 
vested in the i:)atentcc. Frequently the employee assigns liis patent to 
his einjoloy^er and relies on his employer’s fairness for his reward. In 
some companies a contract bet^veen the einioloyer and the employee is 
made, and provides that any invention made by the employee, during 
the term of his employment, which relates to the business of his employer, 
shall become the property of the em|Dloyer. In the case of such con- 
tracts, of course, the title to the invention must be legally transferred to 
the employer. Shop rights, however, under the conditions named, even 
in the absence of a contract, remain wdth the employer. 

Marking Patented Articles. If patented articles or the containers 
fail to bear the word ^^patented/’ or an abbreviation thereof, together 
with the date of issue of the patent, no damages or profits can be col- 
lected from infringers, unless proof be made that they have had actual 
notice of the patent. Usually the words '^Patent applied for” or ^'Patent 
pending” are placed on articles of trade if patent applications have been 
made, but there is no provision of law requiring such marking, and such 
marking is regarded only as a warning. 



40. I^ATIiJiVTS 


673 


Patent Publications and Services. Ainuially the Patent Office issues 
an indexed volume 5 i;ivino; the names of all patentees of that year, and a 
list of the subjects upon which patents have l>een taken out. 

Besides the collection of the full- text patent specifications, there is 
issued by the various patent offices a journal containing; abstracts of the 
full i:>atcnts. The [Ini ted vStiites I.^atent Office pui^lishes tlic ^"'Official 
Gazette of the IT. S. Patent Offi(‘.e,” in whicfi Ihe al^st.racts are ari*ann;od 
munerically. For tlie Chinadiaii specifKaitious, [hero is published the 
“Canadian Patent Oflic^e lte(*or<l.’^ The l^atcait Office in hondon i)ub-- 
lishcs the “Illustratc'd Al)i‘id.e;(Mu<‘nt.s of Spc'(‘i fications ; since January 
1st, 1931, the British A])i'ido:inents are (dassific'd in 40 <i;roups. A list of 
these groups with theur content in terms of ])rcvioiis classifications of 
146 groups, will be found in tlu^ Indc'x volumes of the Abridgments, or 
may be sent for dirc‘(*.lly. ''Pho thren^ publications just uu‘ut ioned will be 
found in many of thc'. public- libraries in the United State's, dci^ositod 
there free of clia.rge })y ilu* se‘\'('ra:l <)ffic(‘s for thc'. c'on\'C'nicnco of the 
public. Such librarie's. will usually liavc' a ('omplc'te file', e)f the* United 
States full-text paie'iit, spe'ci ficai ions, also a gift; from the' Pate'ut. ( )ffico 
to the x^id)li(‘. l^hill file's of the^ pati'uts spe'ci fi (*ali( )us of all countrie*s 
will 1)0 found at- the' Patc'iit ( Mlice' in Washington, and may bo ce)nsultc'(l 
hy any one; givc'ii the> niim])en*, the' pale'nt (*aii ])e' found, siiu'ei they are 
arranged numerically. On roeiiu'st and paynK'iit of a modest fee, a 
photostat will be sent. 

There is one more service e)tTcre(l of ihe greatest convenience. Thc 
Siiperinteiieicnt of FleK'uments, Washingtem, 1>. O., will scml for $1 the 
“U. S. Manual oi C/lassification of Patents.’’ Aftei* stud^ung it, a request 
may be addresse^el to thc Commissioner of Piitents that all patents in a 
certain class, or sul)e*lass, ])c sent e>n, as fast as issueel, without further 
notice; for this service, a fee of $1 per year pev (*-lass, is (*hargcd idns 
the usual 10 cents for each coi'^y. In this way, the subscriber receives 
at his desk every ])atcnt which i:)crtains to his specialty without any 
labor on his 

It will be wc'll to note that the British l^iitcnts now have running 
numbers, beginning with January 1, 1916. Before that time, every 
year started with number 1, so that for British Patents it was necessary 
to give the yc<ar, as well as tlic patent number; this is no longer neces- 
sary for the patents issued since that date. 

Of special value to the chemists’ world is the ^^Chcmical Patents 
Index,” covering thc United States patents dealing with chemical and 
allied topics for the years 1915 to 1924. Two other sources of patents 
information for United States patents may be mentioned; one is the 
bi-monthly Chemical Abstracts with monthly, yearly, and decennial 
indexes; the other is thc "'Annual Survey of American Chemistry.”® 

“Chemical pn,to,nts index (tJ. S. 1015-1924')," E3. C. Worden, New York, Chemical Catalog 
Co., Inc., Reinhold. Publisliing Corp., Vol I, 1927; Vol. II, 1932. 

® Published Cbegan 1925-26), for the National Research Council, by the Chemical Catalog Co., 
Inc., or Peinhold Publishing Corp., successors. New York. ’ 
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Beginning with January 1st, 1928, and with volume 22, the Chemical 
Abstracts, published by the American Chemical Society, lists patents 
under the name of the assignee, in addition to the customary listing under 
the name of the patentee. This is a tremendous advantage for the reader 
who often knows which firm is developing a certain patent, without 
knowung the name of the patentee. 

Starting with January 1st, 1935, there is provided as Part IV of 
the index of the Chemical Abstracts, A.C.S., the numbers of the patents 
for which abstracts have appeared, arranged in the order of the numbers' 
and grouped by countries, 

British patents will be found abstracted in the Chemical Abstracts 
or in the abstracts of the Journal of the Cheinical Society (London). A 
classified collection of German medicinal and dye loatents is the Fried- 
laender^ while patents dealing wdth the inorganic chemical industry are 
classified and reviewed in the Braeuer and d’Ans collections^ 

Copyrights and Trade-Marks. Copyrights are granted under sep- 
arate congressional statutes for books, maps, periodicals, drawings, pic- 
tures, musical compositions, dramatic works, and the like. Such applica- 
tions are not made at the Patent Office, but to the Registrar of Copy- 
rights at the Library of Congress, Washington, II. C. 

Trade-marks are registered in the Patent Office under the trade-mark 
laws; labels and prints are registered in the Patent Office under the copy- 
right laws. The Registrar of Copyrights has sole jurisdiction of the 
registration of everything referred to in the copyright laws, except labels 
and prints. A label is defined as something applied to the goods or to 'the 
container; a print is not so applied, but serves separately as advertising. 
Both labels and prints must be distinctive in appearance, and must be 
the result of original creation. 
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„ patents for chemists,” Joseph Rossman, Washinp;Lon, Inventors 

PuDlisIiing Co., 1932. 

‘‘Principles of patent law for the chemical and metallurgical, industries A. W. 
Beller, INTew York, Chemical Catalog Co., Inc., 1931. 

“Lat^t rights for scientific discoveries, C. J. Ilamson. Indianapolis, Bobbs- 
Merrill Co. ' 


Principles of patent law involved in the Weiss patent litigation (over di-phenyl- 
giianidine as an accelerator for rubber vulcanization),” A. W Teller Ind Ena 
CheTYi., 20, 1361 (1928). 


Some important patent decisions are listed in Ind. Eng. Chain., 23, 7 (1931) 
“Patents,” A. H. Walker, ISTew York, Baker, Voorhis & Co., 5th ed 1917. 

“The law of patents.” W. F. Rogers, Indianapolis, Bobbs-Merrill Co.. 1914. 
Copyright law,” A. W. Weil, Chicago, Callaghan <fe Co., 1917. 

The law of chemical patents,” E. Thomas, New York, T. Van Nostrand Co., 
1927. 


“An outline of the law of chemical 
176. 315 (1927). 

“Patent law for chemists, engineers 
McGraw-Hill Book Co., 1931. 


patents,” E. Thomas, Ind. Eng. Chem., 19, 
and executives,” F. H. Rhodes, New York, 


? See reading references for Chapter 28. 

Fortsch-ntte a'norpciriiscH-che,Trtiftcheri Industrie, bs'' Adolf Braeuer and J. ci'Ans, in several 

volumes, published by J, Springer, Berlin. 



40. PATENTS 


675 


The German patent law and regulations are stated in the C hemiker-ICalender 
jor 1932, Vol. Ill, p. 574-592, Verlag Julius Springer, Herlin; with a table of sundry 
patent informaLion covering 23 countries. 

“'The preparation and prosecution of patent applications, Charles W. Rivise, 
Charlottesville, Va., The Michie Compan>% 1933. 

'‘begal pitfalls for the chemical engineers,’^ J. Davidson Pratt and G. S. W. 
Marlow, J. Soc. CHem. Ind., 53, 235 and 261 (1934). 



An industrial chemist must haue an acquaintance xoith the appliances 
siiitable for large-scale operations^ as distinct from laboratory practice; 
the proper choice of the specific appliances depends upon sztch an acquain- 
tance. It would be too much to say that the success of a process depends 
upon the proper choice of azia^^iliai'y deuices^ bzct its difficulties will cer-. 
tainly be greatly lessened. 


Chapter 41 

Appliances Used by the Chemical Engineer 
I. Pumps, Fans, Blowers, and Compressors 

Pumps ixre used to move lic^uids from one point to anotlier, frequently 
to an elevated point. The simplest pump is the trench puinj:), which has 
a short barrel, a piston moved up and down by a hand lever, and, mounted 
in the piston, a clap valve opening on the down stroke and closing on the 
up stroke. As the piston is lowered, a gallon or so of water passes tlirougli 
the valve to the barrel above the piston; on tlic up stroke this amount 
of water is pushed up and discharged through a lip to a runway. 

For industrial purposes, iiumps arc operated by steam, electric motors, 
or they may be belt-driven or gear-driven; the latter are known as ''power 
pumps.” The variety in principle an<l <U‘sigu is considerable'.. A classi- 
fication might be made as follows: 

1. Reciprocating pumps, in wdiioli the ]nimi)in 5 >; cdoinent has a back- 
and-fortli motion, may liei further dividend into i)iston pumps, plimge'r 
pumps, and diaphragm pumps. The piston pumjis are double-acting, 
that is, each side alternately pushes or sucks; if there is ojie piston, it 
is simplex; if there are two pistons, w-orking on the same suction and 
discharge line, it is duplex; if there are three, it is triiolex. The dis- 
charge from the duplex pump is more even tlian that from tlie simplex. 
The valves are located in an enlarged portion of the suction and dis- 
charge lines. 

The plunger jDunip has a closed cylinder, hollow, as the pumping 
element. In the vertical type it is single-acting, ljut usually triplex; in 
the horizontal type two plungers may be placed, W'orking ojoposite to 
each otlier. The piston ])ump is usually steam-driven, with the steam 
piston on the main pump shaft; the vertical trii>lex plunger pump is 
usually a power pump. 

2. Rotary pumps with direct action are those wdiich push the liquid 
bodily; examj^les are the gear pump, the sliding vane pump, and the 
tw’o-vane pump such as the Roots or Connersville. The rotary pumps 
with indirect action, impelling rather than pushing, hence imparting a 
velocity, are the centrifugal pumps; the impeller may be '"open,” or if 
the vanes are cast between two. disks, ""closed. A centrifugal pump 
may work singly, the usual practice in chemical plants, or in stages; 
each stage has its own impeller and casing. 
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3. The acid egg, illustrated in Chapter .1, and often called a blow 
case, is also a pump in the sense that it serves to move liquids, and 
slurries, from one place to another; the driving force is coinx:)ressed air, 
and its operation may be automatic. 

A ram is a special type of lunnp in which the feed water itself sup- 
plies the driving force. 

Reciprocating Pumps. The structure and operation of the piston 
pump are illustrated in Figure 200. On the stroke from left to right, 
the water is pushed by the front end of the piston, valves AP arc 
depressed, and delivery is made to the pressure line; valves RS are held 
shut by the pressure, so that the suction lino is e.losod. In the meantime 
and on the same strok(\ the (u-ank end of i.ho piston lias drawn in water 



pressure or rlclivcry lino. Sco t,oxL. suet ion line.*; P, pressure or (lo- 

li\^('i*y linci. 

through LfS, but held HP closed. On the return stroke, right to left, the 
crank end of the j^iston exerts i^ressure, forcing the valves RP open, and 
delivering the wmter to the pressure line ; the head end of the piston on 
the same trip draws in water through RSy while LP stay closed. Such 
a pump would be double-acting. 

The valve may be circular and carry a rubber ring working on a 
metal seat; or ball valves may be preferred, consisting of a metal ball 
working against a metal scat, and fitted with shoulders which prevent 
their unseating more than just enough to let the water through. Ball 
valves require no spring"; they seat by their own weight; but flat valves 
are held shut by a steel spring, which is chosen so thin that it exerts just 
enough pressure to seat; the pressure is so weak that very little pres- 
sure by the water causes it to unseat. The stem of the valve acts as a 
guide; causing it to seat properly. In the sketch of the piston pump, 
the springs holding the valves shut are not shown. 
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A plunger pump is shown in the adjoined sketch. The plunger is a 
cylindrical boot; with only one working side, hence single-acting. As 
shown in Figure 201, the plunger is at the end of the down stroke, and 
ready to rise.. The play of the valves will be clear from their positions. 

The piston pump has its packing in the piston itself, while in the 
plunger pump the packing is in a stationary stuffing box forming part 
of the casing. ^ 

In the boiler house, either piston or plunger i:)uinp is used to feed 
water into the boilers (feed pump) ; high-speed centrifugal pumps are 
now- also used for that purpose. For forcing a muddy liquid through a 
filter press, pressures of 40 to 60 pounds are often required and a triplex 
plunger pump is well adapted. The speed varies greatly with the kind 
of service performed, but in general, it is rather low, 30 to 60 double 
strokes per minute. 

In the diaphragm pump the liquid to be moved does not come in 
contact wdth the pumping element. An example of this tyi^e of pum]:> 
is the IDorrco. 



Rotary Pumps with Direct Action. The gear pump, shown in 
Figure 202, carries the liquid betw-een the casing and the teeth of the 
gears. The friction is considerable, and the gear pump is therefore 
chiefly used for oil and other liquids which have lubricating properties. 
The size is nearly always small, and the capacity of the pump corre- 
spondingly,- small ; its simplicity and reliability have led to its general 
use for such purposes as pumping fuel oil to the burner. 

In the sliding vane pump, the rotor and shaft are eccentric to the 
casing , the rotor carries each slide in and out because they rest on a 
stationary ring which is centered; the casing itself is circular. This 
type of sliding vane pump is the ring type ^ ; its operation will be clear 
from the sketch. There are many other modifications of this pump ; in 
the earlier models, the casing was elliptical. The sliding vane puihp has 
again no valve in the strict sense; it has wide passages, so that it is well 

Such, as manufactured for example by the Taber I*ump Co., of Buffalo, N. Y. 
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adapted for skirries, and for liquids carrying lumps of soft solids. The 
sizes are rather small; the suction line varies from 1 to 4 inches, although 
larger sizes may be built and operated with fair efficiency. The pump 
■with 4-inch suction line and 4-inch discharge line has a capacity of 200 
gallons per minute at a speed of 150 r.p.m. 

In the two-vane pump, the action is the same as in the gear pump; 
the water is pushed between the casing and the vane; the operation is 
indicated in the four-stage figure adjoined (Tig. 204). Eacli vane shaft 
carries a tootlied wheel, and Ihe two whcel.« mesh; one sliaft carries the 




Figure 204. — Four stages in onc-tliird of a revolution in a Connersviile blower, of 
the two-imx:)ellor tyfic ; 1, volume i? is ready to be discharged; Stage 2, 

A. and ii? arc a inaxiinum, H is beginning to pass _ to delivery outlet ; Stage 3, 
A and R smaller than in 2; Stage 4, A and B a minimum; the difference between 
AB in Stages 1 and 4 has been disehai'god. 

driving pulley, which eaiiscis both to rotate against each other. Such 
pumps are made in small as well as very large sizes; a capacity of 63 
cubic feet per revolution is still below the maximum. The speed is 
moderate (uj^ to 250 r.p.m.) . 

Centrifugal Pumps. A centrifugal pump is a rotary pump with 
indirect action. The moving element is a disk, usually vertical, rotated 
by a horizontal shaft; the disk carries curved blades, and is contained 
in a spiral casing with close-fitting side walls. The water enters through 
an opening facing the center of the disk, and the water is caught in the 
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channels between the blades; the latter do not quite reach the central 
part of the disk. The water is delivered to the gradually widening spiral 
part of the casing; it receives from the rapidly rotating wheel a high 
velocity, and passes out of the casing to the discharge line wdth essen- 
tially the same velocity. Figure 205 is a sketch of a simple, open- 
impeller type centrifugal pump, single stage. In the two- and more-stage 
pump, the discharge of the first stage becomes the feed of the second. 

Low-pressure single-stage centrifugal pumps are employed with 
satisfactory efficiency, equal to that of piston pumps, for lifts of 30 to 50 
feet (water) ; the efficiency usually given is 50 to 60 per cent. For lower 
lifts, the efficiency is higher; for lifts of 90 or 100 feet, the consumption 
of power becomes enormous and the efficiency correspondingly low. The 



speed of the centrifugal iDumi:) is comparatively high; 1200 r.j).m. is a 
frequent speed, and 1800 not uncommon. The impeller sliaft is directly 
connected to an electric motor shaft, or belt-driven. The direct-con- 
nected pump w’ith its motor forms a compact pumping unit which has 
come into high favor; it occupies vci-y little floor space, and operates so 
noiselessly that from a short distance it is impossible to tell whether 
it is in operation or not. All remarks in this paragraph apply to a 
single-stage pump: the multiple-stage pump produces higher heads with 
satisfactory efficiency. For viscous liquids, the centrifugal pump is use- 
less. In giving the heads of the lifts, it is assumed that the level of the 
water fed in is that of the pump. If the water enters under a head of 
15 feet the pump will raise the discharge water that much higher; a 
slight pressure at the entry to the pump is desirable. 

If the water to be pumped must be drawn up from a lower elevation, 
the centrifugal pump must be primed, that is filled with water, and the 
whole suction line also, before it can pump. The suction lift must not 
be over 28 feet, for any type of pump, piston pump included. It may be 
noted also that the centrifugal pump has no valve, hence is adapted to 
muddy liquids. 

Next in complexity to the open impeller is the closed impeller, usually 
of bronze, consisting of two disks separated by the curved blades which 
act on the water; the casing is close-fitting on both sides of the double 
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disk. The variety in construction is very great. In size centrifugal 
pumps are built with 2()-inch suction line and smaller; in industrial 
plants, the 3- and 4-iiicli suction line is the general practice. 

Tor certain purposes, such :is Rrc pumps and boiler-feed pumps, cen- 
trifugal pumps arc used which arc driven at speeds varying between 
3000 and 20,000 r.p.in. and even more; for such speeds, it is general to 
use the steam turbine as the driving mechanism. 

The centrifugal i)innp may be considered a water turbine reversed; 
instead of a flow ol Wiitcu’ driv'ing the shaft o'f the generator, it is the 
generator shait which I'otalc's the wat.er wheel iuid (ii*ives thci water in 
the opposite dirceddon CCdiaj^ler 12). 

Fans, Frowi^uis, I]x iiAtrsTui^s, and Compressors 

For the propulsion of air and gases, fans, blowers, and exhausters are 
employed. A fan movers a g]*<.‘at volume of air (or gas) at slight pres- 
sure; for instance it may take the exhaust gases from a blast furnace 
and deliver them to the base of a tall stack. The word fan covers either 
blower or exhauster; the blower takes fresli air from the outside and 
delivers it to a desired point,, while the exhauster takes foul air from 
a certain room and dcdi\a'rs it to tlu^ outside air. The essential operation 
of the blowcn- and c‘.xliaust,(‘r is the sanu^, but tlu' o})cnings in the casings 
differ. 

Fans arc volumes blowcu's; coinprc^ssors tivv. prt^ssure blowers. The 
compressor delivei’s ii small cpiantily of air at a high pre^-ssure ; between 
the two exti*(uu(‘s thcu’ti a,i‘e machines which dediveu’ considcnuible volumes 
at apiorcciablci i)ressurc‘.s, for c'xamphi 3550 cubic feet per minute at the 
pressure of 24 iuch(‘s of water. Siudi devices are often called pressure 
blowers, but they may bc^ edassified as lo\v pi’cssure compressors. A fan 
of medium size would be one which delivers 11,400 cubic feet of gas 
per minute against a ]>rcssure of one-fourth inch of water. 

A fan may luive 6 or 8 flat steel blades, or in a different type, 60 very 
small curved blades; the hitter would belong to the multi-bladed type. 

The compressors nirnish aii‘ or gas at a high pressure, compared to 
the pressure against whicdi a bin works. Tlie low-pressure compressor 
described above works agiiinst a i)i’essure of less than one pound; it is 
a single-stage machine, and such single-stage compressors are suitable 
for pressures up to 50 pounds. I^'or ])ressurcs between 50 and 500 pounds, 
double-stage compressors arc used, with an intermediate cooler. For 
pressures betweear 500 and 1000 pounds, 3-stage compressors, and for 
pressures above 1000 pounds, 4-stage compressors are used, with cooling 
between every two stages. A single-stage compression to a very high 
pressure is not practical^; the heat developed is so great that on cooling 
in the conduits., a much lower pressure would be obtained. The heat 
on compressing, must therefore be removed, and the cold compressed gas, 
at 50 pounds |or example, may then be compressed a second time. 

® The compresraoJi oiirve is too noftr tlao adiahatic curve and too far from the isothermal curve. 
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The fans are generally belt-driven, usually from a special motor. 
The low-pressure compressor is also belt-driven ; the high-pressure com- 
pressors are direct-connected to steam pistons. 

Multi-bladed Fans, A multi-bladed fan (the Sirocco is shown in 
Figure 206. The volume of air moved by the fan depends upon the 
speed of the wheel and upon the pressure. The higher the pressure 
against which the fan discharges, the lower the volume discharged; the 
lower the speed of the wheel, the lower the discharge. Furthermore, 
the lower the pressure of the air entering the fan, the lower the volume 
discharged. 

The capacity of any fan or compressor is computed on the basis of 
free air, that is, air at atmospheric pressure and at 60° F. (15° C.) ; if 
the gas moved is at an elevated temperature, the volume moved, com- 
puted to its true volume at 60° F., wall be less than if it had been cold. 
All these factors are taken into consideration in the tables of capacities 
w'hich the manufacturers supjrly on request. 




Fightre 206. — A multi-bladed fan. 

Compressors. A low-pressure compressor used extensively in the 
chemical industries is the Connersville blower, of the same construction 
as the two-vane pumi> described in the first part of the chapter. The 
Connersville blower gives pressures varying from a fraction of a pound 
to eight pounds per square inch. It is manufactured in all sizes. A 
medium size would be the 13-foot capacity compressor, which, run at 
350 r.p.m., furnishes 4550 cubic feet (calculated) per minute, actually 
3640 cubic feet; the difference is due to a slip between the casing and 
the vane and betw^-een the two vanes. 

The Nash Hytor is also a low-pressure compressor, furnishing air 
under pressures of the same range as the Connersville. Its construction 
and operation wfill be clear from the sketch (Fig. 207); The eliptical 
casing contains water which alternately leaves the rotor, and fills it. 
The air is carried in the buckets formed by the vanes and the liquid, 

3 Made by the American Blower Oompany, of Detroit, Mich. 
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from the inlet A. to the outlet li. ''riie siiiall sizes for 50 cubic feet of 
free air per minute (against lO-pomul pressure) have a speed of 1600 
r.p.m. ; the large size, for 2250 cubic feet discharge against the same 
pressure, has a speed of 230 r.p.m. The ISTash Ilytor may be built of 
special metal, and is used "with concentrated sulfuric acid as working 
fluid for the compression (jf chlorine gas (Chapter 5). 


Figure 207. — The .Nash Ilylor (com- 
pressor). A and C :ir<' iiihd. ])or(s, 
B and D oiiLlot ports, ddio (!ross- 
liatchcd areas rt'prt'st'ii f. ^as 

volume bcinid: moved, cdoar 

area within th<' casiiiiJ!:. i.lic lif|ui<I 
employed. 


Tlio lii< 2 ;h--i>i*c'ssui’(' (‘onij )i*c‘ss()rs rc'sc'inblc pisfon pumps, (‘xc*c‘j)t. tluil. 
the valves are fcuil iicM; val\'C‘s as a ruUu d'^lie i*c‘at lu‘i* \'al\'o ( I^aidlaw ) is 
a thin flat steed i)lat.e, lield against tiu' slioublers of a port by a siiita])]e 
frame. It can lift from tlic sc'at ()nc'-tlnrty-se(‘ou(l of an incdi, or similar 
distances, which arc siiflicdent to allow the compressed air to pass to thci 
other side of the val\^e. Coolinp; betwc'cn stages is by means of tubes 
laid in cold water. Tlic development oC the direct synthesis of ammonia 
from atmosplicric nitrogen ancl hy(lrop;en has greatly stimulated the 
design of high-pressure compression. 



Vai-vks ani> Puuukvs 

For water lines aii<l for licpiids in general, the slot or gate valve; is 
used, especially if tlic licpiid is not under pressure. For steam lines the 
globe valve is emj^loycd ; it has a pressure side and a discharge side, 
and is so placed tliat tlic pressure of the steam (also water) is exerted 
on the under side of the movable disk. In addition to these two, the 
chemical engineer has utilized the plug valve, operated from a threaded 
stem above, or from levers with joint below the bottom of a tank. The 
plug valve has the advantage that on being oiocned the passages for the 
liquor or slurry arc wide and not easily obstructed. Plug valves arc 
frequently home-made. Besides valves, cocks are used in water and 
steam lines. 

A pump may be driven by a belt which receives its motion from 
the pulley of a motor; in that case the motor pulley is the driving 
pulley; the pump pulley, the driven. The number of revolutions per 
minute of the two pulleys is inversely proportional to their diameters or 



684 


INDUSTRIAL CHEMISTRY 


their circumferences. For pumps driven f)y gears the relation of the 
revolutions per minute is inversely proportional to the relation of the 
number of teeth on the pinion (small wheel) and gear (large wheel) 

Other Pate*\'ts 

1,849,557, high pressure centrifugal pump of low capacity and ('coiujiiiicnl oppi'n. 
tion; 1,849,127, a centrifugal pump, especially adapled for inimping; more or less 
viscous materials or fluids such as sewage sludae: 1,863,100, rotai-y pump consisting 
of two intermeshing gears; 1,887,873, (•(•ni.rhi.i'ia! i'mi, of the propcllor type; 1,884067 
a fan for pneumatic blowers; 1,821,484, spiral blade fa,n, designed c.s|)ecially 'for usc 
in connection with air-cooled engines; 1,778,041, vertical blower of the propcllor 
type, with a convergent-divergent casing; 1,787,062, inultibladc blower; 1,853,973 
centrifugal compressor or blower; 1,854,692, compressor and vacuum pump’ for air 
and other gases, which has a rotary member which is eceontrically mounted within 
a cylinder and provided with blades movably mounlod in slols and which engage 
the inner face of the cylinder, thereby forming imckrts within which the an is 
gradually compressed as the rotor turns, due 1o tlui ])r(^gv('ssiv(dy (huireasing voliinio 
of the space between it and the wall of the cylimh'i’; 1,8 1(5 ,403, high-|)re,s,surc lucipro- 
cating piston compressor; 1,867,651, hydroair com])res.s()r and \'a(*uum pump (rotary 
pump having a scries of buckets). 
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The task of separating a solid froin the liquid in which it is suspended 
presents itself in nearly every chenvical plant; this task can be discharged 
successftdly only if the 'j>lant chemist is acquahited tvith all types of devices 
suitable for sztch separations. 


Chapter 42 

Appliances Used by the Chemical Kngineer 

II. Filters 

The separation of coinpiii-ativcly small amounts of solids from larger 
amounts of liquids is done by settling; followed by decantation of the 
supernatant clear liquid; or by the use of a filtering device. The sepa- 
ration of very small amounts of liquids frcim large amounts of solids is 
done by draining; or by cemt ri fuging. 

Settling out the solid is tlu* <duuip(^st method; it is done in many 
cases; if the opcu-aldon is exitnisi v(b a large*: caiiaedty in settling tanks is 
required; these act also as storages l.aiiks. If the licpioi* is hot; the tank 
may be insuhtted by sti-ips of wood. As a rule, this i.irocess is too slow; 
also, the mud collt*(d.(Ml in tlic^ bottom of thc'. tank still contains too much 
water, and is usually scuit through a filtcu', a combination of settling and 
filtering. 

Filtering dcvicjes in(*lu(U‘, the gravity filter, the j^ressure filters, more 
commonly called filtcir pi’csses, iuid tlie suction filters. Several points 
must be considc‘.red wluui studying a filtration i)roblem: whether the cake 
or the filti-ate is the valuable part, whether washing is required or not, 
and wdiether the opeu-ation shouhl be* continuous or intermittent. These 
considerations will havc^ wcught in the choice of the device. Other con- 
siderations arti (ia[)acdty, fh-st ccjst, iiiid opei*ating (*,()st, which incliidc^s 
repair costs and, moi'c* important, opm-:iting labor. At the end of the 
chapter, these points will bc^ I'twiewcul. 

The suspension to be*, filtered is called a slurry, if its content in 
solids is not so high that it docs iu>t flow and cannot be pumped; slurries 
contain from less than 1 i)er cent to 40 cent of solids, by weight. 
Suspensions containing more than 40 per cent of solids are more properly 
called sludges. The solid sepat'ated in the filter device is called the 
cake, the clear liquor running off is the filtrate. The filtering devices 
such as the filter presses and the suction filters are really frames for the 
support of the true filtering medium, the filter cloth, which may be 
cotton duck of various thicknesses, muslin, paper, wool flannel, or metal 
wire woven into cloth, such as iron wire, nickel wire, and monel wire. 

The Gravity Filter. In the gravity filter, the slurry lies over a 
bed of sand over joebbles, for instance, with channels between the larger 
pebbles for the escape of the clear liquor. The mud is deposited on the 
sand; the liquor passes through by the action of gravity. The most 
extensive use of this type of filter is made in the filtration of drinking 
water on the large scale (Chapter 13). 

685 ' 
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A filter paper in a glass or porcelain funnel is a gravity filter; it is 
user! in tlie fine chemical incUisti*y for manufacturing reagents and cer- 
tain rare chemicals. 

Tlie Pressure Filters, Plate-and-Frame Type. The most familiar 
filter press is the plate-and-frame press; it consists of separate cast-iron 
square pieces, the plates proper, and the frames, which rest on two hori- 
zontal bars, and which may be squeezed together by a movable end-piece 
working against a fixed front end. The surfaces wdiich touch are machined, 
so that the fit is perfect. Each frame is covered by a filter cloth which 
extends over all of it, and on both sides; when the press is closed, the 
edges of the cloth form the gaskets between the machined surfaces. The 
cloths are provided wdth small openings to correspond with the eyes in 
each plate and frame; in the closed press these eyes form a conduit on 
one side for the slurry, and on the other side, for the entering wash water. 
In Figure 208 three pieces are shown: a non-wash able plate, a frame, 



Figure 20S. — ^Plates and frame for a filter preiss ; to the left, a non- washable plate; 
in the center, a frame; to the right, a washable^ plate; the eycis at A form the 
.slurry line, oi.>en only to the frame; the eyes at B form t.lui wash-water liiif' 
ox)en only to the washable plate. 

and a washable plate. The openings marked A form tlie slurry line; the 
only port in this line is to the frame. The openings marked B form the 
wash-water inlet line ; its only port is to the washable plate, on the right. 
The non-w^ashable plate has no ports. AVhen filtering, both kinds of 
plates deliver the clear liquor at the outlet; the slurry enters in the 
frame, and its liquor passes through the' filter cloth in order to reach 
the channels in the plates. As a rule w^ashing must be done; if the liquid 
is the valuable part, none must be left in the cake ; if the solid is the 
valuable part, the adhering liquid carries impurities which must be 
removed. When washing, the outlet of the washable plate, at the left, 
is closed; the one in the non-washable plate remains open. The wash 
must now pass through a cloth, through the cake, and through another cloth 
before it can reach the channels in the non-washable plate and from these, 
the outlet. The arrangements for filtering and for washing are shown 
in the two front views of five plates and five frames each. 

Slurry is fed to the press until the frame is completely filled with 
cake; at this point, the pressure in the slurry line increases beyond the 
usual figure and at the same time, the amount of filtrate decreases. The 
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washing will be iinpcM-fcc'tly done unless every frnme is filled with cake. 
As the first liquor passes through the cMoth, it is turbid, and is run to an 
intermediate rccei.)tac‘le from which it is sent to the filter again; the 
reason for this turbidity is that the filtering is done not by the cloths 
themselves, but by a thin layer of mud which coats tliem in the first few 
moments. After a few minutes^ the filtrate is clear. If the solids arc 
low, it may take 12 hours to fill the frames with mud; two hours is 
nearer the average timeq tlie difference is due to the loercentage of solids 
in the slurry, and to the size of the frames. Wlien these arc filled, the 
liquor line is close<l, and tlu^ wash water is admitted through its conduit; 
the washing may bc’: followc'd ]>y tt'sting tlie density of the liquid with 


Figure 209 . — Five phitc's iiiid 
five franu'is wIk'H hlU'r- 
ing- 



a hydrometer; it is continued as far iis the conditions warrant. If the 
cake is insoluble, iind tlic vv'asli water may bo run to the sewer, washing 
is continued until tlie water removes nothing more from the cake. If 
the cake is valueless, only so much wash should be collected as can be 
reused in the process without concentration, for only when the material 
is expensive w'ill it bear tbc cost of fuel for the concentration of weak 
wash waters. After the washing is carried to the desired point, the press 
is opened, the plates and frames pushed apart and the cake in the frames 
dumped into a hopper in the floor, which leads to barrows, or carts, or 
a screw conveyor. The plates are pushed together again, the press 
closed, and it is then ready for the next filling. 

Instead of a cart, the valueless cake may be flushed away without 
labor by running the chute into a tank with a stirrer, and feeding a 
strong flow of water with continuous overflow of muddy water to the 
sewer. 
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Good washing of the cake requires that it be not too high in solubles 
for as these dissolve, the cake is weakened, it “rots’^; as soon as one 
channel has formed all the water will flow through that, and tliere will 
be no washing. For that reason, a different procedure is sometimes used. 
A first filter-pressing removes the liquor, leaving a '"'strong” cake, which 
is not washed in the press. Instead, it is duinjoed into a tank with 
stirrer, and there made up wdth w’ash water from a later operation; the 
solubles are now well dissolved, and this slurry is filter-pressed in its 
turn, and this time it is washed; the "'weak” cake is so low in solubles 
that it will not rot. 
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Ficxirk 210 . — Fiv'o i^latos and 
fiv^o frarnofl wh<.ni washing. 


A press with twelve plates and twelve frames each 12 inches square 
is a small press; one w’-ith 350 circular plates, 5 feet in diameter, is an 
unusually large one. In ordinary plant w’^ork, a press with 49 plates, 
each 3 feet square, and 50 frames 2 inches thick, is usual; such a press, 
fed wnth 20 per cent slurry, whose solids are low in soluble salts, will have 
a cycle of 2J hours; three-quarters hour to fill; one-half hour to w-asli, 
hours to dump and close; it will dump 4000 pounds of mud. This 
figure will vary with the density of the cake, and with other conditions; 
it is given to indicate the duration and extent of such ox:>erations. 

Cast-iron is the most common material, but wood is frequently 
required; other materials rarely. As indicated before, the plates may be 
circular as well as square. The frames may be thicker, 4 inches for 
example, so that they will hold more cake; 2-inch thickness is rarely 
exceeded if washing must be done. The plate and frame may be com- 
bined in one, giving the so-called recessed plate; many other modifica- 
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tions ai'c on iho inarkc‘(.. l^ressos are iisiinlly opciiiod luid closed by 
hand; by means oT a l)a.i* tiirninj^ tlie tcriiiinnl sci’ow which actuates 

the n^ovablc end piece; for ven-y la.r^*e sizes, mecdianical power is used. 

The slurry is rorce<l into the pnnip hy means of a duplex pressure 
piston pumi^, or a triplex jilnneicr pninp, or a l)lowcase whose i)rincii')lc 
of operation is similar to that of tlu^ ac.id ep;^. The pressure varies from 
3 to 4 pounds at the start to as hipli a,s 40 ])onnds when the press is 
full. 




Fkutkm 2 1. 1 . — 1 l.n< linn I <*.r()ss-s<'<-l.ion 

of n. 48 l.)y I2()-in(*h Kolly prc'ss. show- 
ing lilt-cr h'lLVC's iiiul slurry inh'l. n.1, JC, 


h'KiiiKK 212. — h''r()nt \'i('W of 
llu^ Kolly prc'ss, witli onr- 
linlf of itiovahlo hfad 

)>lalrO Toinov(Ml to sliow 
I ho fill or 1oi:l\'os. 



Fkjurk 2K.h — C.h’ows-scH;( ion 
of Lh fillcjrini*; k^nf in Qio 
’K(41y prows, with enko 
on 1)0 til sidc^s, roiidy t,o 
ho flnnipocl. 


The Shell-and-X-eaves Type of Press. In this type of jircss, light 
wire frames bearing the filter cloths are provided, which fit in a steel 
shell; during filtration, the slurry fills the shell, entirely surrounding 
the cloths; these become coated by the cake, while the clear liquor 
reaches the inside of thcj frames and runs off through a pipe connection 
at the base. In the Kelly press, one of the most successful representa- 
tives of this class, the leaves are rectangular, and are fastened to the 
cast-iron head; the shell is cylindrical, lying on its side. The leaves 
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and cayt-iron head are mounted on a carriage having four wiiiall wlieoly 
which run on two rails set inside the shell and on the outside extension 
of the rails. After the desired thickness of cake has formed, the carriage 
is pulled out horizontally by chains actuated by a small compressed air 
motor, and the cake is dumped by jarring* the frames with a long pole 
aided by a stream of water from a hose. After the cake is dumped, the 
motor is started in reverse, the carriage is pulled in, and the press closes. 
The construction is made clearer by the three illustrations adjoined (Fio* 
211,212,213). ‘ 

The main advantage of the Kelly press is the ease in dumping; the 
cake merely hangs onto the frames and is easily dislodged; the amount 
of hand labor is low. The slurry enters near the center of the shell at its 
base, from a blowcase located on a lower floor; the filtrate runs out 
through cocks in the head of the press into a trough which delivers it to a 
dividing box set at the side, out of the way of the pulled-out carriage. 
On closing, the chains pull through a toggle joint whicli forces the head 
tightly in i.:)lace iind lo(*k it by ]')Uvsiiiiig stout steel bolts into the receiving 
hooy^js set in the shell. 

If the cake must be washed, the slurry rcMiiaining in the shell after 
complete cake formation is run hack into the l)lowcasc, and water intro- 
duced. The progress of the washing is followed as it is in the plate anrl 
frame press. 

Because of the ease of dumi)ing, the cycle for the Kelly is short, and 
its capacity per day is high. A press 48 inches in diameter and 120 
inches long will dump 4000 pounds of washed cake in 1-;^ hours, dis- 
tributed as follows: three-fourths hour to build the cake, one-half hour 
to wash, and one-fourth hour to open, dump, and close the press. Those 
values will vary widely with the percentage solids in the slurry, and with 
the permeability to water of the cake, and its density. The merits and 
defects of this press will be discussed after the third type, the automatic 
continuous suction filter, has been described. 

The Sweetland press is another example of the shell-and-leavcs type; 
in the Sweetland, the leaves are stationary, and the shell, which is 
divided in tw^o halves horizontally, hinged together, opens jaw-like to 
allow the cake to be dumped. 

The Stationary Suction Filter. The simplest type of suction filter 
consists of a two- compartment box, usually circular; a perforated plate 
over w'hich the filter cloth is spread separates the two compartments. 
The slurry is run on top of the cloth ; the lower compartment box has 
two connections, the upper one for a suction pump, the lower one for 
running off the liquor; the suction pump is connected and the clear 
liquid passes into the lower compartment. When this is nearly full the 
suction is disconnected, and the filtrate run off through the lower con- 
nection. Usually the size is so proportioned that a batch of slurry may 
be filtered without interruption. Stationary suction filters of this type 
are constructed of lead, stoneware, or cast-iron, and have been made as 
large as 6 feet in diameter. They give good service for slurries with low 
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percentage of coarse solids, such as a thiosulfate liquor containing some 
suspended sulfur. The 'hiutsch^’ is a similar device, originally rectangu- 
lar, with the cloth stretched from the sides of the suction box supported 


Figure 214. — Stationary suction 
filter or nutsch ; A, level of 
the slurry; filter cloth; 

C, false bottom; D. level of 
the clear filtra.t.e ; E , vSiictioii 
p\imi> coui\(H4,inn ; liqnor 

outlet. 



by a false bottom, and a(‘(u)innu)dat ing scu^c^ral indies of slurry; gradu- 
all^’^ the name has ))C‘en c'xIcukUhI to iiududc^ any stationtii*y suction filter. 
{See Fig. 214.) 

The operation is intc'riuitl cut ; thc^ liiiuor could be removed continu- 
ously by drawdiig it o/f as fast as it (u>lle(*ts, througli a scpai’utor, to 
which the suction pump would \yc eonnectcMl; the liejuor would drop out 
into tlie closed separat.oi*. But this would not provide for the 3*(uiioval 
of the cake on the ch^tli; a shutdown every little^, while would bo neces- 
sary in order to reinoxa'; it. 'Tlw more* solid the sUn*i‘y contains, tlic mor(^ 
frequent tlu‘ inUa-riipl ion. d^liis diineult y is r(‘mo\a‘d in tlu‘ I'otary sindion 
filter. 






f /r irteae/. \ 

FiOTJiiE 215 . — ^Tho 01ivo7‘ (a)rj l,innou,s siictirm fill.er; front and side view. 

The Rotary Suction Filter, Drum Type. The rotary suction filter 
is automatic, and has continuous cake discharge, continuous filtration 
and wash. One of the w^ell-known examples of this type is the Oliver, 
which consists of a cylinder or drum lying on its side and carrying the 
filter cloth, of a knife or scraper for the discharge of the cake, of a tank 
holding the slurry, and of auxiliary apparatus such as pumps and 
receivers. The drum is mounted on a horizontal shaft carried by the 
slurry tank, and dips into the slurry to a depth shown in Figure 216 ; 
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liquor is drawn in, and the surface becomes coated with cake ; as the 
drum revolves the cake emerges and meets the wash water which is 
applied by a spray; as it revolves further, the washed cake meets the 
discharge knife. At the moment the cloth nears the knife, steam under 
pressure forces it out slightly, bulging it, causing clear scraping and 
clearing the meshes. The knife does not bear on the cloth, as that w^ould 
wear it too fast, but on a wire wound over the cloth, spaced half an inch 
apart or so. 

The simultaneous application of suction for the filtrate, suction for 
the wash water, and steam (or compressed air) for the blow is achieved 
by means of an ingenious mechanism, the circular valve. It consists of 
two halves, one of which rotates with the drum, wdiile the other is held 
stationary by the liquor lines; a stud set in the rotating half bears on 
a spring with loose collar which forces the stationary half tightly against 
the rotating half. The location of the valve is at the end of the shaft 
as shown in the illustrations. The surface of the drum consists of 
shallow Avooden or cast-iron chambers 12 inches square, covered with 
sections of one-fourth-inch wire netting to support the cloth. Each 
chamber has a pipe connection to the valve, running first radially to 
the shaft, and from there through a main connection which unites the 
liquor from all sections lying along a horizontal, to a port in the rotating 
half of the valve. These ports form a circle; the stationary half of the 
valve has a circular channel fitting over tliis circile; the (diaiinel may 
be^ divided into coinp:irtnients by moans of small l)rass ])i(‘(H^s (if the 



Fioxjhe 21G. — Filtering 
drum of the Oliver 
continuous suction fil- 
t.OT*, showin<i; the hlter- 
iiiji;, Wixsliiii^, drying, 
;iiul :^onoH- 


valve is brass) . One such compartment would form the clear liquor 
compartment and communicate with the clear liquor line, the next would 
be the wash-water compartment, feeding the wash-water line; a very 
small compartment, fitting one port only, would bring the steam blow. 
Since the bridges are movable, the number of ports in connection with 
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the clcaa’ licpior line may be varied; if increased, for instance, it would 
have the effect of bringing ■ more drum surface under the action of the 
clear liquor line ; if at the same time the submergence of the drum be 
increased, which is readily done by raising the level of the slurry in the 
slurry tank, it will mean a greater zone for cake building. The proper 
adjustment of the stationary half of the valve is made through a special 
valve rod. 


Figure 217. — AsmuiiIjIv for tv t-'iniil 

Oliver suclion lilLor; I, iiltcn-iiif? drum; 

2, inter vulvo ; 3, disc‘linr^(> knifes; 4, 

slurry tuiik; u, sep.irator for llUirute; O, 
liquor ]Uirii]i for fil I rate ; 7, s(‘])a.ra.t<)r for 
wash; 8, lifiuor pump for \yash ; 9, I o 

the sueiioTi pum]); .10, ved\'<' for r(aln<*in^‘ 
tiic suction Oil tlu:; wash a real. 1 

Tlie valve surfaces iirc’: iiuichine- f«‘U‘(‘<l to give i)erfect surfaces; they 
are lubricated from two or more pressure grease cui^s; tlie wear is slight 
because the drum revolves once in 7 ininutcB, or similar speeds. Each 
port fits perfectly against the inset bridges, so tliat no internal leaks can 
take place. Eor alkaline licpiors, tlu^ valve should l.)C of cast-iron. 

A suction pumxi pulls out the licpior and any false air whi(*h has 
leaked in, to a sei)arator, wlicrcin (he licpior drops to the bottom and is 
Xmllcd out by a separat-c'. li(]iior pump, while the air rises and is removed 
by the suction puini). The same suction pump servos for the wash water, 
but the suction is reduced l)y means of a reducing valve, for it is well 
that the filtrate bo pulled in rapidly, but a definite x)criod of time should 
be provided during which the wash w^atcr may remain in contact with 
the cake. The Avash is jnillcd through a separator, from which the w’'ash 
liquor is pulled out by means of a separate pump. A complete assembly 
is shown in Figure 217. 

The cake is discharged by the knife onto an apron, and from there 
may be removed by a screw conveyor. The feed of the slurry to the 
tank, the drawing off of the clear filtrate, the application and removal 
of the wash water, and the discharge of the cake are simultaneous and 
continuous functions; if the cake is removed automatically, the filter 
is automatic ; no labor of any kind is required. It has considerable 
flexibility, so that it may be adapted to a great variation of slurries. 
If the percentage of solids is high, the drum revolves fast; if the per- 
centage is low, the drum is made to revolve slowly; if no washing is 
needed, the submergence may be great; if washing is important, the 
wash zone is extended- The filter cloth is chosen from the wide choice 
of material for maximum service. It is no wonder that the automatic 
continuous suction filter has been very successful. 

Its main limitation is that of pressure, since the atmospheric pressure. 
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14.7 pounds, is the maximum, and all of it is rarely applied. With vola- 
tile solvents which must be filtered hot, this type of filter fails, for the 
solvents volatilize, and no liquid at all, in the worst cases, can be pulled 
through the cloth. AVith concentrated, warm salt solution in water the 
filter functions well, if the temperature is not over 70° or 75° C. 

Dorreo Filter. In the Dorreo filter, which is also a rotary suction 
filter with continuous operation, the sludge is contained within the drum 
whose inner wall bears the filtering medium. The dewatered, washed 
cake is discharged into an inner trough. There is greater ease in filtration 
in that the coarser particles settle out against the filtering cloth, with the 
finer ones drawn in only later; the plugging of the filtering cloth should 
be less likely. Another advantage in tins novel design is that the drum 
can run on idling rolls. 

Rotary Suction Filter, Disk Type. The American Contiiiuous 
Vacuum Filter represents the disk type among the i-otary suction filters. 
It is a well-known filter which has been established in plant practice 



Figcke 218. Twin unit of an American Continuous Disk Suction Filter, show- 
mg two 9-msk: units, separator and. pump, as well as conveyor box on the 
^or lor t^e filter cake, (Courtesy of the Oliver United Filters Corp., 
Hazleton, Pa.> 

for many years. The filtering medium covers flat disks which are 
mounted centrally on a hollow shaft through which suction is applied 
to the under side of the filter cloth. The assembled shaft and disks are 
in turn mounted upon the slurry tank. The disks revolve with their 
lower portion in the slurry; as they emerge, the cake dries and wash 
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may be ax^plicd. At tlio ditschargc x^oi^Lt, jutr^t before entering the slurry 
again;, small rollers remove tlic cake which, can drop downward because 
at that place the slurry tank is doeph^ notched. The suction pij^es from 
the various disks terminate in the rotating j^art of the A^'alve, while the 
stationary x^art carries the liquor and wash lines. The valve is faced 



Kicariiio 219. — hjiid view of a, 24-tiiho unit of Iho oscilliitiris conl.in- 
uoii.s fil for. Clout. or typo, with va.lvo exposed. The; t.iib(;s 

oxtoiicl horizontally, awiiy from Iho rca(lc.;r. yoto the 24 yjorts 
in the; rol.jit.iipa; half of t.ho vnlvo, and Ihc 3 ports in the 
stationary ha.lf, on the floor. (Courtesy of the Bartlett Hay- 
ward C'h>uipaiiy, l^altimoro, Md.) 

and not flat, but of the conical plug type which possesses the important 
advantage of seating itself as a slight wear takes place. This filter 
requires auxiliary devices sucli as the drum type suction filter does, 
separators, suction iminp and liquor pump. 

Multitube Rotating Suction Filter. The oscillating continuous suc- 
tion filter (Gcntcr type) consists of a number of slender tubes arranged 
in a circle on a disk which oscillates as well as rotates. The tubes form 
a sort of squirrel cage ; they are under suction while submerged in the 
slurry, and when receiving a wash spray. Each tube is connected to 
one port of the rotating half of the valve, whose stationary half has a 
port for filtrate, another for wash-water, a third, small one, for the air 
blow. The cake is wiped off by two wipers or scrapers, one above, the 
other below tlie tubes. (^See Fig. 219.) 

The Continuous Pressure Filter. The limitation of pressure 

* The Bartlett Hayward Company, Baltimore, IVtd. 
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been removed by the development of the continuoiiw prcKSSure filter 
which resembles the suction filter, but has a casing over the drum in 
addition, so that pressure above atmospheric rcisiy be applied; also a 
closed box for the screw conveyor and a receiver for the cake must be 
provided. The suction filter will continue to be used whenever possible 
since it is simpler; in special cases the pressure filter will have to be 
substituted. 

Comparison of the Several Filters. On closer study, it will be 
found that every filter has its field which it serves better than any 
other; the various types supplement each other. Tlic plate-and-franie 
press is the proper device for a process requiring one dumping a dav 
or in several days, for then the press may be put together with care; 
the surfaces cleaned to give tight joints. Tor a cake wliich is valuable, 
so that the dumping is a cautious operation, tlierc may })o several open- 
ings per day and yet this press may bo the ]>c8t clioico. But for a 
valueless cake, in a press worked to capacity, opened five or more times 
per nine-hour day, it will be closed carelessly, especially if it is of large 
size. .To bring the plate together, 100 plates or frames may have to be 
pushed along the two horizontal bars; unless these are clean and well 
oiled, the press will not be tightly closed. Unless the frames and plates 
are absolutely free from grit, the surfaces will not meet and there will 
be a leak; even if the leaking liquor is recovered, and sent back to the 
press, it is a waste of filtering cai>acity. Every joint between plate 
and frame is a potential leak, licncc in a 50-framc press there are 100 
such possible leaks. In this respect the Kelly press is greatly superior; 
it has one gasket, hence only one possible leak; to keep one gasket clean 
is a reasonable task, and as a result, it rarely leaks. Tlic Oliver has 
no possibility for leaking except in the valve, and tliat is easily rcfaced. 

The plate-and-frame press has a valuable feature in tliat the filtrate 
is visible; should one plate run dirty, it may be shut off and the filtration 
continued with the remaining plates; the Kelly press has the same valu- 
able feature; in the Oliver, it is missing: if there is a break in the cloth 
so that mud enters, there is no way of detecting tlie faulty place, and 
all the filtrate is slightly muddy. The blow of steam or compressed air 
cleans the cloth too well, in some cases, so that the fine layer of mud 
must reform, and while it docs, the liquor runs slightly muddy; this con- 
stitutes a fault in the Oliver which is absent in the other two filters; 
if a slight turbidity does not matter, the great economy of tlie Oliver 
and similar suction filters will place it first; but if absolute clarity is 
required, the older presses are superior. 

Both Kelly and plate-and-frame presses suffer from, the fact that 
their operation is discontinuous; in that respect the automatic suction 
filter and the automatic continuous pressure filter are supreme. 

Strictly speaking, filtering and washing mean a separation of the 
insolubles from the liquor, followed by a displacement by water of the 
liquor adhering to the solid. A good example is the ferric hydrate and 
lime mud in the solution of sodium sulfate. IVIore than that should not 
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be required from tlio filter. Frecirioiitl^^ sultss present in the solid state 
must be dissolved duriiijj; the "Svasliing’’ ; this leads to rotting of the 
cake. This will have serious results especially in the Kelly press, because 
there the cake is unsupiund-ed, and if tlie structure is weakened by 
removing salts, the cake drops off in the shell, clogging the inlet and 
otherwise interfering with smooth operation. Another slight drawback 
to the shcll-and-leavcs typo press is the necessity of running back to 
the blowcasc a shellful of slurry oiu^e tlie cakc^ has rcuichod tlie x^i’eper 
thickness, before the press can be opened. 

The centrifugal basket is also a filtc'.ring de.vica'., and very successful; 
because it is primarily a mcuins of rapidly draining a wet solid, it is 
described under that head in CdiapU^r 43. 

In first cost, tiie i)la.t (‘-iuul-fi-aine \)vv^h is llui lowest; its operating 
cost is the highest, l)ut if the sluiuy is low in solids, reciuiidng infre- 
quent oioenings, it ronuiijis th<^ most ec.oncjmical device. Tor the rapid 
handling of cake rich in solubk‘s which need not be washed in the i^voss, 
because the mud after (hun])iug is rcislurried, the Kcdly or Sw-cetland 
will give excellent service. For a mud which must bo washed will) so 
much liquor that c'.oiildniioiis opeu-ation is (kisiral)Uq the rcjttiry auto- 
matic suction filter, cdtlu'r of ilu^ <lrum typeq likt^ tin* (>li\'(‘r, or tlic‘ disk 
type, like the Auu‘rican ( •< )u I imioiis bhUcu*, is iiidica-UM 1. 

()rnKit pA'ri'iN'rs 

U. S. Piilont l,S70,tSr), iniill.i 1 i*()(.a.ry driiiu (ilU‘r; l.sr)9.2S!2, con I iiiiions 

appai’ntiUfi for rcMiuwiiiji: (day, fu!lc‘i*\s (‘aidli or oUkm- fiu(^ ni;i , from oil; 1,799,708, 

dual hiiicl filtor iisinjj:; i.wo (ilL(a* iiK'din.; I,S12,77:>, a fill('r for fil 1 1 ‘i-inLi; siis] xau l(‘< I solids 
from liciuids, (-.onsistdiiji; of n, vorlicnl, 1a.p(‘n‘(l (.ulx' filiiu- pross. 

pROHLKMS 

1. A Kelly press diinips 4000 poiiiuls of c*.ak(^ once in 2i hours, wiili one man 
operating the press. A plate-and-franie pr(‘ss dumps 4000 pounds in 2^- hours, 
requiring two operators. What is (.he figure for hours of lubor on the basis of one 
individual (called rnau-liours) per 1000 pounds of ca.kc3? Inspection and roi^air 
labor is left out of consideration. If the Oliver is coini:)letely automatic, what will 
its man-hour figure be? Makc^ :i ttilde comparing the three values. 

2. An Oliver filter di'iim 4 feu't in diauu^tor and 6 feet on the face makes 1 
revolution in G mimit('s. WhaL is t.lu^ cir(*.iimf(u*(intijil spe(.3d? In order to raise the 
circumferential sliced by oiu'-luilf, how much fa.st.(M* must the fill.tu* i-ovc^lve? Kow 
many square fecit of surface has liie drum? 

3. Thirty-two thousand juiunds of wc^t cake Jire dumiied jier 10-houv day from 
8 plat e-and- frame presses. If ('ach frame litilds 80 pounds oi wcU*. cake, how many 
frames has each press? 

4. A slurry carries 10 per ccuit of insoluble mud, on the dry ba.sis, that is, deter- 
mined dry. ITow many pounds of licpKir foi’iii while 10,000 pounds of cake arc* 
collected in the presses? If the <lensity of the filtrate is 1.44, Imw many cubic 
feet of liquor are colh^ctecl? If the density was 1, it would take 62.5 pounds for 
1 cubic foot. ]E[ow high w^iTdd the filtratoi liquor stand in a circular tank 12 feet in 
diameter? It is assumed that all the liquor is forced out of the cake and. collected ; 
this is very nearly, but not quite, realized by blowing the cake with steam. 
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l 7 ^ the course of the. (jroiot/i of the chemical i7i(i%istrios ^ a mini^hcr of 
appliances have been dcinsefl 'laJi./r/i are characteristic of these indnstries. 
Their has bcu'oine great imongh so that cnglneeri.ng firms devote 

themselves riot only to a. single type, such as evaporators^ bnt to the 
best design of the eva porn tors for specific inrhistrics, for example p evapo- 
rators for beet-sugar lufuorSj or miXh, or glucose concentration. 


Chapter 43 

Appliances Used by the Chemical Engineer 
III. Evaporators, Driers, Cottrell Precipitator, 

and Others 

Amonp; tiio a[)i)Ii:ui<*(‘s wliicli linvo ])c‘c‘n pcd'fcct.CM i to a (ic^rce 

of efficiency arc the ov’a] )ora I oi*s, whose lK‘nt source is usually steam; the 
most economical form, the; 1 ri] )U‘.-(‘fhH*t c'V'aporator, reduces the fuel con- 
sumption to almost a tliird. ''The (‘oiKuait rat ion of a dissolved salt yic'lds 
a liquor which on cooliu^; (h'posits (*rystals; these arc seioarated from 
adhering mother licjuor on a drain board, or more rapidly in a oontrirugen 
In many cases the su}>stan(*e must, ho absolutely dry, aiid this may he; 
done in cabined, driers, ^uuulum (h-ien-s, or most economically, in a rotary 
drier. Crystallizers and driers are important appliances. 

An appliance not far removed in form and in principle from the 
type of drier known as (he drum drier is the chip machines, which per- 
mits the rapid production of many substances in tlie form of thin chips 
which possess pro],K>rtics making them much superior to lumps. 

The duwst collector, tlic', l^orr thickener, and mixers for jiasty solids 
are frequently inclispensahle. 

An electrical ai)pliance whi(*h the chemicail engineer uses freely is 
the Cottrell i)i*ocipitat()r foi* dust iiiifl mists. 

Evaporators- The simplest kind of evaporator is the open kettle 
hung over a fii'c, or the open, pan, in the path of waste heat gases. Heat- 
ing by means of steam, cither in coils or in a chest with numerous hori- 
zontal (or vertical) tulies i:)laccd in the liq[uoi* is the usual practice; the 
vessel is closed, oxcoiit for an outlet for the steam rising from the liquor, 
and this outlet may be closed by a valve. The use of steam in the coils 
])ermits a closer regulation of temperature, and the closed vessel allows 
the transfer of the contents to an elevated point by applying compressed 
air, on the princii>lo of an acid egg. The single evaporator, working at 
atmospheric pressure, is largely used for the concentration of a solution 
which remains clear while in the evaporator, and deposits crystals only 
as it cools after transfer to the crystallizers; for such cases, the steam 
chest may be placed near the bottom. In the case of sodium chloride, 
there is a separation of the solid as the evaporation progresses, and it 
accumulates at the base of the vessel, in the conical part provided; the 
salt in the cone is more or less undisturbed, because the steam chest is 
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situated well above it. For sucli a case as glycerin from a soap kettle 
the concentration is iDC'rfca-nied at redneed prcissnre ; the salt is removed 
at intervals without intcrruptiipa- the evaporation, by tlie aid of a ’salt 
box which is also under suction; by closing the valve at the loase of the 
cone, the salt box can be emptied, then closed again, and evacuated 
when it is ready to receive another salt dump. 



FiGtTRK 220. — Skcitcli of a (riplc-cffect ovai>omtor. Hoilcr jstxiinu ciif.orvS st.oiiiii client 
<7, with outlet 4 for condensed water; the steam from solution in No. 1 entevs 
steam chest h; the steam from No. 2 enters steam chest c with outlet 6; the 
steam from No. 3 j^oes via 7 to condenser. The reduced pressures are given in 
the text. 'The weak solution enters No. 1 at 8; after concentration, it passes 
from No. 1 to No. 2 through 9, and after further concentration from No. 2 to 
No. 3 through 10. The concentrated liquor loaves No. 3 through 11, periodically, 
(Courtes 3 ^ of the Geo. L. Squier Tvlaniifacturing Co., Buffalo, N. Y.) 

For a number of products, the fuel item is so important that the 
triple- effect evaporator is used; familiar cases are the salt (NaCl) and 
the sugar industries, particularly beet sugar. The triple-effect evapo- 
rator depends upon the fact that the boiling point of any liquid in a 
closed vessel from which the atmospheric air has been removed is lower 
than in the atmosphere, and furthermore, the lowering in the boiling 
point is roughly proportional (not absolutely) to the lowering of the 
pressure. The normal atmospheric pressure at sea level is 29.92 inches 
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of inerciiry; the vMciuiiii in the vnricms vorisels is expressed in indies of 
mercury wliidi nre forced upward by the air pressure against the pres- 
sure in the evaporator; an absolute vacuum is shown by a column 29.92 
inches high, since then the pres^suro inside the vessel is nil. 

The connection between the several effects is shown in Figure 220 ; 
the vapor from the centriil j..)lant enters the lirst steam chest and causes 
the liquor to boil. The steam from this liquor passes to the steam chest 
of the second vessel, where it becannes the source of heat; after giving up 
its heat to the colder liquid it is liquid water, which is trapped off at the 
outlet from the chest. The steam arising from the liquor in the second 
vessel becomes the heating steam in the third chest ; the water vapor 
rising in this third vessel ]i asses to a condenser, where cold water returns 
it to the liquid state. An cxani])le from the concentration of sugar 
solution follows b- 

Vacuum 

Temperature of eiilcrintj; sl.('ain 
Temperature of Ooiliim' liciuor.. 

Temperatui'e fall in e:u.*.h \'('.ss(‘l 

The same quantity of hc'at raises steam three times, and tlie saving 
in fuel is almost two-tliirds ; tluu*o is a consuini)tion. of stoiim running 
the suction pump; theoretically, it is only such as is required to pump 
out the vessel to the required pressures; practically, tlie pumping must be 
continued throughout the evaporation, because some air leaks in, and the 
liquor gives ui.) disscjlvcul gases, but even so, the steam c.onsnmed for the 
pump operation is very snm,ll, and thc^ find Cionsumption is cut nearly to 
one-third. There is an additional advantage in that boiling at low tem- 
l)erature gives a better i)rc)duct. Double cffeels and (iiiadi’uple ones iire 
also used-; moi-c than four arc not i^ractical. 

For such an inexpensive product as salt (NaCl) , the saving in fuel 
is most imi)ortant, and trij)le and qiiadi-uplo effects are commonly used 
in salt plants. They ai-e of s[>ecial construction, with conical bottom 
ending in a rising boot which permits constant discharge; in point of 
size, the evaporators for salt are prol)ably the largest, as large as 30 
feet diameter. The '20- foot diameter pan is quite common, with an over- 
all height of 50 feet. The material is usually steel, but at least one 
triple effect for salt is of copi^cr lined with tin.^ 

For sugar solutions, the liquor in the first pan is pumped to the 
second pan, there to be evaporated further; wdiile in turn, the liquor 
from the second pan is imrnped to the third pan, for still further con- 
centration. In the salt plants, each effect receives brine of the same 
strength ; the fuel saving is realized in either case. 

Not only solutions of solids, but of high-boiling liquids are concen- 

1 ‘‘The manufactiiro of sugar from the cane and the lieet," T. HI. P. Ileriot, New York, Uong- 
mans. Green & Co., 1920, p. 259. 

^-An example of ciuadriiple-e.fFect operation will be found in Jnd!. 'Eing. Chem., 10, 195 C191S)- 

* Bur. M^irtes Bull. Wo. 146, W. C. Phalen, contains numerous illustrations of multiple -effect 
evaporators for salt C1920). 
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trated in single- or multiple-effect evaporators. A single vessel oper- 
ating under greatly reduced ijressure, and receiving, usually, highly 
concentrated solution from ijreccding evaporators, is called a vacuum 
pan. 

The important study of fractionating columns for the separation of 
liquids by taking advantage of the differences in their vapor pressure 
has been touched upon in Chapters 20 and 24. In the reading refer- 
ences, there will be found grouped together valuable articles, which will 
afford the beginning of a scientific study of fractionating columns. 

Crystallizers, Drain Boards, Centrifugals. The liquor from the 
evapoi-ator, after suitable concentration, is blown, or jiumped, to shallow 
vessels, of steel if possible, or wood or lead-lined wood, if necessary, 
whei'e it deposits crystals on cooling. As a rule, the liquors are at re.st; 



FirjiiKK 221. — J.‘i c.kct 0(1 crysl llizf'r 
willi rotiilins: tiiin, for l.ho pro- 
duction of small c r y s t a 1 s . 
(Courtesy of J^uffalo Foundry 
<5c ]VIa.ohino Cc')., Buffalo, N.'Y.) 


for the production of small crystals, a circular pan with slow agitation 
by a rotating arm is used, and by jacketing the pan, tlio temperature 
may bo controlled. After crystallization the mother liquor is run off, 
and the wet crystals may be piled on a drain board which slopes toward 
the cry-stallizer; a more rapid way of removing adhering liquor is by 
dumping the crystals into centrifugals, and after the proper charge has 
been added, setting the basket in motion; the mother liquor is wdiirled 
off and is caught in a circular apron. The modern centrifugal is driven 
from overhead, by direct-connected motor, and has an annular ring in 
the base which can be lifted for discharge through the bottom. A con- 
veyor belt travels underneath and conveys the crystals to the screen, 
or drier. 

Driers. Moist solids may be dried on trays placed in a closet, with 
a few steam coils at the base. A cabinet drier is a closet with trays, 
fitted with a motor-driven fan and suitable partitions so that the air is 
circulated; steam coils raise the temperature of the air to the desired 
point. Vacuum driers are tray driers in strong iron boxes which may 
be evacuated; the trays stand on shelves which are hollow, and in which 


See Fig. 165. 
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heated water, stcaiii at viirioiis ]>i‘essurcs, or oil heated, still higher, may 
be circulated, so that a wide range of temperature is possible.^ The 
I'ofcaiy drier is gaining on all othcu* forjiis, lu)wcver, hecanse of- its labor- 
saving feature, exc‘e]>t I nr sinall-s(‘.ale oi)eratioii, and for special cases. 
The rotary drier is a long cylinder lying on its side, resembling the 
Portland cement furnace, but of light construction; warmed air is pulled 
through the cylindc-r, wliicdi travels in a dircud-ion opposite to that of the 
solid. The latter is fcal in at one eiul, and moves to the opposite end 
o-radually, by virtue of a. slight inclinatiom A tunnel drier consists of 



v:iciiiuu drum '(.Iricn*. suction 

PiG’UiiK 222.— Atmosphoric doubt' is aT)plicd to dio dust, collector, 

drum dricii*, wit.h licjuid leed. just behind tlu' vui.)or lino. ddu; 

The slowly revolving liollow 2 boxes for tho di‘i(ul nuittiriul not 

drums ;u-c^ stt'iiiii lieiil('d. Tlu^ shown. slurry is pumped l.o 

dry coat is s(jrii,iKal off as l,ho small tr(iiiji;h iioxt to tho 

shown; ea(.*,h ca.)l Uad.ing bu.x has spro:id('r, tind (*.oiistan tly ov(n*fiows. 

a sorc^w convc?y<jr. (C%)urt(‘sy of C l:^y c-ourtosy of t.lui .HulTalo Ktiun- 

tlie Hiiffa-lo .Koiimlry <<r. A^a- dry A jVhichiuf' (ha, Ihiffalo, 

chine C<j., .Hiiffiilo, N. W) N. Y.) 

a long chamber through vvhi(*,h small cars carrying the material are 
slowly or periodically moved one way while warm air travels the other 
way. The atmospheric drum drier consists of two hollow drums rotating 
toward each other, and internally heated by steam; buttermilk or tan- 
ning extract, for exam|de, lies between the two drums; a thin film is 
carried down by each cylinder, and dries in a fraction of a revolution; 
a scraper detaches the powder. The speed is slow. The drums are fur- 
nished chromium plated, if desired; the evaporator may then be used 
for a number of products which would attack iron. The same evapora- 
tion may be performed at reduced pressure by placing the drum in a 

* The shelf tlrler may l)e iisod at alrnoaplieric prc.ssuro, and it may he circular and provided 
with rotating arinfi ; for several the material may he moved from. one. shelf to anotlier 

alternately, with ctuitral, the.n e.ire.iimforeTitial dis<*.hftrge ; cam%>ara Ohai)tor 4 under anhydrous 
bisulfite of soda. 
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housing*, providing a suction pump, a small condenser, and a conveyor 
witli store L) 0 xcs inside tiic evacuated airea, sucli vaeuuiii di. uni evapora- 
tors are suitable for dry’ing dyes and for milk evai)oration (copper- 
lined) . 

In the Flick catchall and entrainment separator, tlie vapors enter 
tangentially, so that a circular motion is set uv). {See Fig. 225.) The 
droplets or other suspended particles are thrown to the inner wall, and 
I-)ass through its slits to the chamber between inmn* ami outer wall, out 



Figure 224. — A rotary drier, from the exhaust ch amber end. The fan draws air, 
warmed over the heating coils at the other end, tlii'oiigh the cylinder whirh 
slowly rotates. I^ongitudinal ribs lift the material and dump it when they reach 
the highest xjoizit in the rotation. The feed is at the; suction end. (Courtesy 
of Geo. Ij. Squier Manufacturing Co., buffalo, ISf. Y.) 

of the path of the vapors or gas. The droplets collect and drain to a 
bottom discharge. The cleaned vapor leaves at the top of the separator. 
Such a separator is used between a single or multiple effect glycerin 
evaporator, for example, and the vacuum pump or ejector; any entrained 
liquid is recovered. 

I>ust Collectors. The gases from a blast furnace carry with them 
solid particles in the form of dust; the greater part of this dust may be 
recovered by passing the gases through a dust collector, such as shown in 
Figure 226. The dust collector provides a space wider than the flue, in 
which therefore the velocity of the gases is reduced, and their carrying 
capacity correspondingly lessened, so that the dust deposits. Provision 
is made to feed the dusty gases along the walls on which the dust may 
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deposit, and to draw tlic outp;oing clean gas from the center, as far from 
the deposited or falling dust as possible. The dnst collects in the cone 
and may be drawn out at intci*vals. The dust collector has no mov- 
ing parts. There are several designs, but the principle is the same 
for alL 




Figurio 225. — Idick coiiUifufiiiLl cattilKiU und 
cntriiinnicnt sopiiiator, ICn Irainod drop- 
lets puss throii£»;h the slits of the inner 
wall, out of the luiih of th(^ vapor or 
j 2 ;as. (Ooui'lx'^sy of Whirsttn* and Sanf 2 ;cr, 
Inc., Chicago.) 



Figure 226. — A dusf 
collector. 


The Cottrell Precipitator. There arc dusts, however, too fine to 
settle in the dust (‘.olicctor; furthermore, many gases carry fumes, finely 
divided droplets, or metallic particles just condensing from the vapor 
state, which no dust l)ox will retain. Until some 20 years ago, there 
were no practical means to collect the particles in such furnes, but this 
may now be done by means of the Cottrell electrical precipitator. The 
gases are passed up a tube in which a copper (or lead-covered copper) 
wire is suspended; a high-tension direct current passes from the wire to 
the surrounding tube or pipe ; particles of solids present in the gas are 
electrified by the sil6nt discharge of the central wire, and are then 
attracted by the pijDe, which has the opposite polarity. The gas issues from 
the top of the pipe free from dust. The effect on mists is the same. The 
solids deposited on the walls of the pipe are caused to drop off into the 
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box bciiOMtli by rMpi)in^\ Not only pij)os, ])iit ro(*.tiin^ 2 :iil;ir s[ya,ces are 
suitable, witli several ccnti’al wires. A sketch ot tJie sinj^-le pipe nsed in 
pj*eliiiiinary tcstiii^i^- is p,ivcn in Fii^-ure 227. 

The voltage is used as high as j^ossiblc, witliout causing a spark to 
pass; for the distance of 4 inches, sucli as tha.t in an S-inch pipe with 
central wire, 75,000 volts may be used; for la.rgor pipes, 100,000 volts* 
higher voltages than, the latter arc not the practice. Such liigh voltages 



I^'icuiv’K 121^7.- -Prijici I lie of tin; 
Ch)fli-('li 1 prc'cipifa- 

lor. ''FIk' dircM*!. 

ciirrciif. pa.ssc\s Iroin insii- 
liil<'<l wire* 1 tliroiio-h ;iii- 

^■ap, (.() pipe' 2; Pk' dirfy jras 
oiit.('rs til. 3 ; clc'aii p:a.s issiu'.s 
at 1. "^riio (lirl, on tlio T>ipc' 
dro]>s into Pic^ [)o.x I)olo\v 
on. rappini;-. 


for direct currents are produced in a round-tibout way; an alternating 
current is stepi^ed up in an oil transformer (2 coils laid in oil), and 
mechanically rectified by means of a rotating cross driven by a synchro- 
nous motor. There is taken off the rectifying device an intermittent uni- 
dircctional, high-j^otential current, suitable for the precipitating pipe. 

large volumes of gases, enough pipes of the standard 
lo-foot length must be used to lower the velocity of the gas sufficiently 
to clean it , this velocity differs with the content of suspended solids or 
rni^ an average would be 4 feet per second. A treater may consist 
^ 100 pipes, w^hich receive the dirty gas below, and deliver to a 

central flue the cleaned gas at the top; if one treater is not sufficient, a 
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second one, or a third is iiistallcMl. For very large volumes, rectangular 
passages are better suited. 

Tlie electrical elc^aning oi limies, fogs, and smokes, as it might also 
be callcdj has been applied to smelter gases, to sulfuric acid mists, to 
roasting furnaces, cement furnaces, and other cases. Undesirable gases 
such as sulfur dioxide are not retained by the treater; but cleaned of 
solids, the discharge is invisible, and causes less difficulty. In many 
cases, the raaterial recovcrcHl lias been salalile and has paid for the instal- 
lation; in other cases, the i*emoval of a nuisance has x:)revented a shut- 
down by court ordtn*. ddio quantity of cui‘rent usc'd is not very great; 
for 250,000 eubi(‘. i'cvl of gas pen* ininul(\ at 100” to 200^' (h, the ])o\ver 
consnni])! ion was 120 k i I ow'a i.l s.-” 


FiciTRr 22S. — Vit'W down iiil.o 

Doijp ‘d)osil d()ii})le 

inoticni <i;r(’MS(^ inixcr. ddic' scrapi'V 
iniLk('s In r('\'()Iid p('r 

tin’iiinp; on I.Ik' hollow shall; tlu' 
paddh'S iiiakc' 25 r( ‘X'olu ( ions pea* 
jniniU(‘ in ( Ik' <)piM)sil.(' dirc'c.liom 
(Couii<'s.v Sowca-s M a in i facl ii ri np; 
Co., T-inlTak), X. 



The Magnetic Pulley, ''riic magnetic pulley (13ings is a device 
widely used to sepai-iite admixed old iron from non-magnetic materials, 
such as crushed bones, slaughter-house refuse, glass, and many othei-s. 
The pulley is placed at the tui-u of a conveyor belt; the bones drop off at 
the turn, but the iron is carried a short distance along the under side of 
the belt, to a point just outside the magnetic field; there they drop off in 
a separate coiitainer. 'The ])xillcy contains coil windings and iron; the 
coils are sTipplic;d witli dircjct cxirront through contact rings protected 
from <lnst and hrusluw (hollow shaft). The pulley may he a driving 
pulley. 

Mixers. A solid may be lce]>t sxispcnded in a liquid by means of 
rotating arms. In ordoi’ b) mix thick liquids, such as greases, the mixing 
arms are made to rotate in opposite directions; in general, the vessel 
used is jacketed, so that heating may he furnished. It is essential to 

® “ProbleiTis in smoke, fume, and tliist abatement,** F. G. Cottrell, pp- 653-685, in. the 
sonian Rejport for 1913, with 37 illustrations and photographs- The power consumption iigure is 
taken from p. 678- 

® The IDings Magnetic Separator Co., Milwaukee, "Wis. Similar equipment is made by the 
Magnetic Manufacturing Co., Milwaukee, Wis, 
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thorough and rapid mixing, as well as to rajriid heating, that the walls 
be scraped. (*See Fig. 228.) 

The Slurry Thickener. A slurry may be thickened by settling it, 
running off part of the water, and running off to the next operation a 
slurry richer in solids than the original one. The Dorr thickener is a 
settler with means for the continuous discharge of the thickened slurry, 
overflow of the clear water or thinner slurry, and constant feed of the 
original slurry. It consists of a tank with a bottenn sloping toward the 
center, and 4 arms with plows, rotating slowly so as to drive the thick 
mud to a discharge pipe ; the thin slurry ovcillows from a point near the 
side wall and near the top, while the original slui-ry enters at the center 
of the top layer. 

The Dorr classifier will be found de.scribod iir Chairter 49, under 
copper, and will serve as type for classifieis in general. 



Figurk 229. — A fiaker, or chii) machine. (Courtesy 'BiiQ’alo Foundry 

Machine Co., Buffalo, jST. Y.) 


For rapid settling, or for thickening if the mud produced is not too 
thick, a tank with several shelves may be used. One such rapid settler 
or thickener in which any counterfiow of muddy and clear liquors is 
avoided, is the Gilchrist Rapid Settler with parallel flow. The muddy 
liquor enters down the center; the clear liquor flows out at the upper 
part of each tray, at the circumference, while the thickened sludge flows 
down also at the circumference, but in a separate channel from the base 
of each shelf. The Gilchrist settler has been applied to sugar juices 
especially. 

The Fiaker, or the Chip Machine. The production of chemicals 
in chip form rather than in lump form has been possible by the employ- 
ment of the chip machine. It consists of a hollow drum, cooled with 
water ( or brine) , over which a fused salt is distributed evenly by a 
small trough at the top and a larger dipping trough at the bottom; the 
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drum turns at a slow rate, slow cnoiigli for the salt to congeal, and the 
thin solid layer formed is scraped off by a stout knife running the 
length of the drum; as the layer falls to the movable bin below, it is 
broken into smaller i>ieccs, easily shoveled into drums, easily dissolved 
by the consumer, readily weighed out to a given weight, and more 
uniform in quality. The cylinder may move smoothly, turned by a 
crear wheel, or it may move by jerks, by means of a ratchet. The thick- 
ness of the chips or Hakes is controlled by the rate of feed. The main 
difficulty in some cases is that the layer sticks to the roll so Avell that 
the knife does not peel it off readily: there arc various remedies, of which 
one is to place some ]')araHin in the lower trough. A lower temperature 
within the drum may also pi*event sticking. 

()Tnr:K PatknTvS 

U. S- Patoiii. 2,010,4;31, in«- npi)M.ra.l us. with 2 ii^uros ; J .889,349, a mag- 
netic separalor <'spcH*-i:iUy julaptcnl Tor iis(' in wii.li coal crushers; 1,885,717, 

a magnetic sc^Jaralor c^'^peciajly adaptc'd for se])aralin^ g:oltl and othen- magnet.ic mate- 
rial from sand, c'lc.; 1,830.252, a, inagmUfc sepai'ator; 1,857,884, prc:;ci])it ator, 'whereby 
Fait or other iiiatt'rial, tlu' solubility of which vaiw with temperature, is precipitated 
by changing the i inn pera t Tir(^ hy inf'aiis of heat transfer; 1,884,726, an evaporator 
comprising an upright, dome espra-ially adaplcal for ev^a]) ora ting- milk (Kermer) ; 
1.885.402, ap])arat.us for c*onl inuous eva ])oral ing (.)r distillation em])loying a vacuum 
and only a short heating pc'viod ; 1,907,197, contimiously lyoeipit at ing dusl. collector; 
1,821.842, a dust, col le<*t.or for colh'ctiiig l.hc' dust from grinding, sanding and T)olish- 
ing machines l)y v)a.ssing Ihrough a. cdiamlica* conf.aining V)afrie i>lates; 1.844.591, dust 
collector for caaneiit, inills; 1,900.534, erysta 11 izing apT.>a.ra(us consisting of a high 
vertical shell, an agitator within (he shcdl and a means of removing t.ho <‘rystal from 
the bottom of the shell; 1,860,741, a crystal lizcn* in which a supersai.uraf (al liquid is 
passed upward throiTgli a sxisva'iision of cry^-^tals of subsl.anco to bo precdpit.ated : 
1.810,217. a. continuous crystaflizer using a helical ribboii (mnveyor to pre\U:'nt 
adherence of crysta.ls to cooling surfa<*,e as well as carry the cry^^tal and liquor 
through the cryst allizer ; 1,884.727, rotary dric-jr in which ma.t(n*ial to he dried is 

deposited in a thii] film on tlu' perirxhery of an internally hoatc'd drum and then 
scraped off the drum C Kenner') ; 1.867.465, a. st eam drier and means for extracting 
grit and dust from air; 1,882,405, a. rotating <lriim drier especially suitable for 
dtying silica. 
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Freq-uGntly the of a nexo jirocess depcrtds not upon the correct- 

ness of the chcmicaX calculations, hxit ori, the proper choice of the mechani- 
cal device udiich hrings axitomaticnlly the ravo materials to the reaction 
cliamher, or on the deuice xohich tahes, automatically again, the product 
aioay ; for an industrial operalxon imist he profltahle or it cannot live. 
It ivill be apiia/rcnt that the xmportance of an acqxiaintance with the 
ordinary mechanical devices which an industrial chemist needs cannot be 

overestimated. 


Chapter 44 

Appliances Used by the Chemical Engineer 
IV. Crushers, Disintegrators, Pulverizers 

The of iuu\ ^asc^s is a. c‘()iui)aratively simple matter; 

its parts push each otlica-; applying; ])ressure at one I'^art brings a quick 
response from every otlic'r; they arc of uniform texture; where one part 
will passj all tlie others will. iSTol so with solids; pressure at one end 
of a long pipo filled wdtli a solid of assorUhl sizes would only jam it fast, 
except for an inipalpa.l)lc^ ]'>o\v(lcu*. Solids must be carried all the way 


pKariiK ‘2o0. — U"h(^ hiK-kcd 
(dcv'.Mt or. A’’, f('od ; /), 
<lisch:irg;o. 



from one si)otj anot.hei* in ii wheelbarrow^ or in a succession of little 
barrows or buckets which deliver their load and return to the stat'ting 
point for another. By making the chain carrying them an endless one 
and running it over two sprocket wdi-cels, upward and with the load, on 
one side, and down^ empty, on the other, achieve the automatic eleva- 
tion. of a solid in its simplest form, that of the bucket elevator ; traveling 
vertically, it lifts coarse solids to an elevated delivery point. The chain 
and buckets are enclosed in a steel housing which prevents loss and dust 
nuisance; the housing has a feed hopper at the bottom, also called the boot; 
the buckets pass through the solid; a delivery spout is also part of the 
housing, at the top. The operation is indicated further in Figure 230. 

711 
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The chain is usually belt-driven; the driving pulley is part of the upper 
sprocket shaft; the lower sprocket is merely an idler. The buckets are of 
various si 2 ;es, rarely over 4 inches by 8 inches; the travel is slow, about 
one foot a second, and the capacity rather small. 

When a large capacity is needed, an elevator on which heavy bar- 
rows may be loaded is used, or a skip hoist. 

In the form most commonly used in chemical operations, the buckets 
in the bucket elevator are at some distance from each other; there are 
also in use bucket elevators in which the buckets shoulder each other, 
and cover the chain completely. The other extreme is a form which has 
only two buckets, of large size, which are so disposed that one descends 
as the other ascends; both reach the end of their respective trips simul- 
taneously; this type is called the shi/p hoist. It does not include an 
endless chain; the bucket is really a small car traveling on inclined 
rails, which is pulled up the incline by a drum-w’'ound cable. The skip 
hoist has no casing. It is used, for instance, for lifting ore, coke, and 
limestone to the top of an iron blast furnace. 

The Conveyor. In order to move solids from one i^oint to another 
on the same level, conveyors are used; among the various types may be 
mentioned the belt conveyor, made of leather or reinforced rubber; the 
screw conve^^or, usually of metal, and the pneumatic conveyor. 

The belt conveyor is well adapted to long trips, that is, 100 feet or 
more ^ ; if the material must travel along one level, then up an incline to 
an elevated level, and still another distance along the upper level, a belt 
conveyor in a single piece will give the required service. 

The belt conveyor is pulley-driven, and rests on small rollers or 
idlers; on the up-travel the loaded belt passes over auxiliary idlers placed 
under its two edges slant-wise so that the edges are turned up slightly ; 
the solids cannot roll off. The speed is not high, perhaj^s one foot in 
two seconds, but the capacity may be made high by using a wider belt. 

By causing one belt to dump its load on a second one traveling at 
right angles to it, the material carried is made to turn a corner. 

Tor moving solids along the level only, screw conveyors are used, 
if the distance is short. They consist essentially of a wide sheet-metal 
screw fitted to a gutter with rounded bottom; the screw shaft is driven 
by a pulley; as it turns it pushes the solids along the gutter, until they 
reach an opening which delivers them to a bin, for instance. 

A pneumatic conveyor is used chiefly for elevating solids, for example 
for conveying loose soda ash from a box car to a steel storage tank 
placed outside the building and high enough to permit feeding to various 
dissolvers by gravity. The installation comprises a suction pump pro- 
tected by a dust collector, an air-tight steel bin, and the suction line, 
partly steel, and partly of rubber, ending in a strainer which is intro- 
duced in the car. The fine powder travels up the pipe until it reaches 
the bin when it drops, because the velocity of the air drawn in is reduced; 
the bin is really a dust box. The air travels further to the dust collector 

^ A belt conveyor four miles long is described in Chem. "Miet. Eng.y 32, 159 (1925). 
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which cleans it almost completely, then to the pump. The discharge 
from the suction pump is to the air, but if there is still dust in it, a second 
dust collector is placed in the discharge line. 

The pneumatic conveyor is used for ashes ; they are drawn into an 
elevated bin from which they can be loaded into dump carts or railway 
cars by gravity; but for this purpose the skip hoist is more reliable. 

Poidometer. The poidometer is a device for the continuous weigh- 
ino' of a loaded moving belt, witli regulation of the load. The device is 
placed at the base of a bin, with a small hopper of its own. The belt 
rests on a pulley whicli actuates a beam with weights. The beam in 
turn actuates the gate from the hopper; if too much material is fed, the 
pulley is depressed, tlie beam rises, and the gate drops. The graduation 
on the scale is in pounds per running foot of belt; a separate device 



IdcuuK 231. — The t.-ss:eniij.Ll ijurls ol a v^oidoiiicun*. CCourio^^y of SchuiTer Poiduiiit.'l cr 

Co., Pittsburgh, Pa.) 


records the I'linning feet of belt, so that total poundage is automatically 
recorded, and with proper setting, assured. The accuracy is within 1 
per cent. The capacity varies with the size of the i' 3 oidomcter and with 
the bulk weight of the material; it may be 1 pound per minute or 10,000 
pounds per minute. 


Crusi-iiistg, Disi^ttegrating, A:Nrr> Pulverizi^tg 

A distinction is made between crushing, disintegrating, and pulver- 
izing; the lines cannot be drawn with accuracy, for usage differs; for 
the sake of clearness the distinction will be assumed to be definite. In 
general terms, crushing means the reduction of large pieces, such as a 
man can just carry, to egg and nut sizes; the reduction of egg and nut 
sizes to a coarse powder is termed disintegrating, also grinding; finally, 
the reduction of the coarse powder to a powder so fine that the separate 
granules cannot be felt between the fingers is termed pulverizing; these 
latter fine powders are aptly termed impalpable. 

The sizes resulting from these operations are never uniform; a mix- 
ture of sizes is obtained which must be graded by sieving or screen- 
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ing; the definition of sizes is then made in terms of the percentage 
which will pass through a given screen, the remainder being termed ‘^on 
the screen/^ Sieves and screens are described by the number of holes or 
meshes to the lineal inch, if small, or by the dimension of the hole in 
inches if large ; the holes are regular, either circular or square, hence 
giving the number to the lineal inch defines them. The circular holes are 



Figure 232. — Xhe gyratory crusher, 
a pot crusher with the I’otatino- 
elenif'nt. sot occ(‘nl.ric to thc' 
pot. 


made by punching a steel plate*; the square holes are made by weaving 
iron or other wire, and are called meshes. 

The distinction above may then bo repeated in terms of meslies. 
Targe lumps are ^^crushed'^ to pass through a three-inch mesh; “disinte- 
grating^^ means reducing the size so that 90 per cent, or so, will pass a 
ten-mesh screen, that is, through a screen having ten meshes to the inch; 
“'pulverizing^^ means reducing so that 90 per cent, or so, wdll pass a 100- 
mesh screen or better, that is, will pass through a screen having 100 meshes 
or more to the inch. 

Crushing is done in gyratory crushers, jaw crushers, and rolls; disinte- 
grating is done in pot crushers, rotaiy-hamnier mills, squirrel-cage dis- 
integrators, and stamp mills; pulverizing is done in biihrstone mills, 
suction mills, ring-roll mills, pebble mills, and edge runners. There are 
many other special devices in addition to the ones listed which are used 
for reducing the size of a solid. Modifications of those given fit them 
for two classes, but in general the devices are listed as they would come 
to the mind of a plant man when the three classes of service are mentioned. 

The Gyratory Crusher. The gyratory crusher is a pot crusher in 
which the rotating element is set slightly eccentric to the pot in which it 
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works. Figure 232 iiKlicatcs its construction. The rock slides down in the 
wide opening made at tlio hair-turn when the space is widened; at the next 
half-turn the space is too narrow to accommodate the piece and it is 
crushed. Tlio rotating olcniont is grooved vertically. In size the gyra- 
torics are built with rotating elements from 3 inches in diameter to 72 
inches; the large sizes arc the best known. The crusher with the 72-inch 
rotating element is 45 feet over all, makes 175 r.p.in., and requires 300 
to 500 horsci:>owcu\ It is usually bolt-driven; when an unbreakable object 
finds its way into iJu? pot accidentally, the bolt slips and no damage is done 
to the gears. The largo sizes arc well adai)te(l to reduce the large lumps 
brought from a mine or from the rpiarry, such as gypsum and cement rock, 
to egg size. 

The Jaw Crusher. The .jaw crusher has a back-and-forth motion; 
here too the lump slide's down as the space widens and at the next for- 
ward stroke is ciuisliod i.o sniallor sizes. It is a crusher; its 

crushing plates vary iu size from 2 by 0 inclu's to 12 by 26 inches and 
over. It is mosi. ('oinmonly us('d in mc<lium sizes. To ]>rcvcnt injury 
when an un}:n'(uikMl)le. objc'ct finds its w^iy between the jaws, a weak 
point is ])r()vidcMl by (*<>n lU'c-l.ing the moving jaw to the driving shoulder 
by a slendc'r rod, which bix'aks, and whicJi is fpiickly rei)laccd after the 
foreign objec'.t has been i-c'moved. Tiic translation of rotary motion to 
the back-and-forth moti<jn is by means of an oval, mounted on the 
pulley shaft, as indicated in Figure 233. 

The crusher with i^lates 12 by 26 inches in^ikos 140 comxDletc sti’okes, 
that is, back-and- forward trij^s, XK'r minute; it requires 25 horsej-^ower ; 
crushing to pass lo-inch mesh its cai:>acity is 12 to 15 tons per hour, 
half a carload; crushing to pass 2-inch mesh, 20 to 30 tons per hour; 
the greater capacity of the coarser size is due to the wider spacing between 
the jaws, wliicli i)crmir,s more material to pass through. 


Fkjliki-: 233. — The htw crut^hcr. 



The Rolls. Rolls are used in many sizes, usually double, the rolls 
rotating toward each other; their surfaces are corrugated or spiked. (Fig. 
234.) They are well adapted to materials which crush easily, such as 
coal, bones, or coke. Provision against destruction is made by mounting 
one of the two rolls in journal boxes which can be forced back against 
stiff springs in case an unbreakable object is introduced; through the 
temporarily widened space, it drops, through, and the normal spacing 
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IS made again. Perhaps it should be added that the shafts of the rolls are 
horizontal, the material is fed in from above, and passes through bv 
gravity. The operation will be clear from the drawing. Instead of two 
rolls, a single roll w'orking against a fixed plate mav be used The 
capacity of a roll crusher is high. 



JD J ^ c ha r Q e. 


. Hammer Mills. A comparativelj'^ new tyjie of disintegrator 

IS the rotary hammer mill, of which there arc many variations ^ The 
mill showm in Figure 235 is the Jeffrey; it is one of the three best-known 
examples, the other two are the AVilliams and the Gardner. 

are steel bars free to pivot on a pin inserted in a central 
disk integral with the horizontal shaft. As the disk rotates, the hammer 
^ whipped wuth great force against the incoming lumps ; these are caught 
between the stationary breakers plate, of manganese steel, and the whirl- 



Figure 235.— The Jeffrey crusher, illustrating the rotary hammer mill type of 

disintegrating device. 


mg hammers. The solid is reduced to small sizes which pass down 
rough the semi-circular screen forming the lower part of the casing. 
The speed of the shaft is high, between 600 and 2600 r.p.m., so that to 
^ ® action as cyclonic is rather apt. A long list of materials 

ay be treated m these mills, including asphalt, nitre cake, gypsum. 
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limC; bone for case-hardening of steel, cottonseed press cake, cinders, 
clay, and clam shells. 

No provision is necessary against unbreakable objects of small size; 
the hammers can bend back and pass over it ; the decreased, discharge 
will reveal that there is an obstruction. 

The hammers wear fast; in order to get as much use out of them as 
possible several holes are j provided in the disk, so that they may be 
moved forward toward the edge as they become shorter; at tlie stage 
shown in the figure, they are quite short, and have been moved twice. 

The shape of the hammer varies with the use intended; it may be a 
straight bar, a twisted one, blunt or sharp; it may be a yoke instead of 
a bar, of manganese steel, free to pivot like the plain bar. 

The pot crusher is one of the older types of disintegrating device. Its 
construction is the same as tliat of the gyratory except that its rotating 
element is centered, henct' the figure of the gyratory will show tlie prin- 
ciple of tlie pot It is still used to sonui extent. 


F dp 




23G. — ''Hie aquirrel-cage disintei^ralor . 

The Squirrel-Cage Disintegrator. In this appliance, two circular 
cages of steel bars mounted on steel rims, concentric, rotate in opposite 
directions. The material to be disintegrated is fed in the center, and 
must pass between the two cages. The lumps are thrown back and 
forth in the narrow^ space between the cages until they are small enough 
to pass through and reach the discharge. The squirrel-cage disintegrator 
is used to prepare coarse powders, for instance ground nitre cake sold 
in cans for household uses, such as cleaning sinks and flushing toilets ; 
the powder must not be too fine, and no uniformity of size is sought. 
The drive is by pulleys; one driving shaft is used; one belt is straight, 
the other one crossed to reverse the motion. As indicated in the draw- 
ing, one pulley shaft is hollow, to permit the second one to pass through. 
The cages are carried on their respective shafts and these in turn by a 
steel frame not shown in the figure. 
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Buh.rstoiie Mill. The huhr stone mill is one of the oldest pulverizing 
devices ; it was used by the millers for preparing flour ; in the large mills 
of the Middle West it has been displaced by special corrugated rolls which 
tend to elongate the wheat kernel rather than pulverize it. In the chemical 
industries it is rarely used. 

W o r ri ! D i/ r a c 


Figure 237. — The buhrstone mill. 


Upper Sronei Lower 3rone. 

Th.e Suction Mill. In the suction mill, the material is ground 
between rotating horizontal wheels of small diameter, thrown by cen- 
trifugal force against the inner face of a larger, stationary ring; the 
material must be so fine that a current of air drawn thi-ough the mill 
can sweep it along as a fine dust; until that fineness is reached, the 
material remains subjected to the action of the mill proper. 

The best-known mill of this type is the Raymond. It consists of the 
mill proper, a dust collector, and an exhauster. In the mill four smaller 
wheels are suspended from the arms of the vertical shaft in such a way 
that they are swinging freely; the centrifugal force presses them against 
the grinding ring, as shown in Figure 238 ; here the grinding, or bettor, pul- 



Figure 238- — ^The Raymond mill, 
illustrating the suction type of 
pulverizers, i?, exhauster. 



verizing, takes place. The speed of the shaft (vertical) is about 100 r.p.m. 
Air is drawn in through the feed box or through the floor of the mill when 
connected to the discharge pipe of the exhauster; the fine powder, really 
dust, is carried up the pipe into the dust collector or separator; here the 
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velocity of the air becomes very low, since tlie large cross-section of the 
box multiplied by a low velocity will give the same discharge as the 
small cross-scctioii of the pipe multiplied by a high velocity; the dust 
is deposited, and the air, now free from solids, passes to the exhauster. 
It is rare that the discharge from the exhauster is free from dust, and that 
is one reason why this air is frequently led into the mill again, entering 
below the stationary ring. 

The Pebble Mill. Tlie pebble mill in its simplest form consists of 
a porcelain jar containing a few i)cbbles; by placing it on tlie arm of a 
wheel it may be swung in a circle. As the pebbles glide, the pulverizing 
process takes place. 

One industrial mill is closely modeled after the simple mill above; a 
steel container, which may be tulip-s]ia]ied, reiilaces the porcelain jar; 
it carries three or four iron balls for a container 24 inches in diameter. 
The shaft imsscs through the long axis of the tulip, and is inclined at 
an angle of 45"^. 



The best-known pebble mill in the chemical industries has water- 
worn quartz pebbles about 2J- inches in diameter, as nearly spherical 
as possible ; they occupy one-third the space in a hard steel cylindrical 
container 4 feet long, 4 feet in diameter or larger; revolving on its hori- 
zontal axis {compare Fig. 239), 

A batch of material is placed in the mill, the cover clamped down and 
the mill revolved at a speed of 60 r.p.m. After a period, the mill is stopped; 
the cover is replaced by a grid which permits the powder to pass, but 
retains the pebbles; the mill is revolved again and gradually discharged 
into the hopper beneath. 

This periodic operation may be changed into a continuous one by feed- 
ing and discharging through the trunnions; such a mill is the IVIarcy. 

The Hardinge continuous pebble mill is pear-shaped, with the long 
axis horizontal; the feed (and discharge) is through the trunnions. It 
revolves at rather higher speed than the cylindrical mill, and has several 
sizes of pebbles which ^^classify” themselves; this mill is used for example 
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for pulverizing Florida phosphate rock after a ]orcliminary treatment in a 
disintegrator. 

A tube mill is a cylindrical pel)ble mill \vh<.)sc' lengtli is several times 
its diameter. 

The Edge Runner. The edge runner is one of the older devices, 
still much used, but less than formerly. Its function is partly that of 
a pulverizer, partly of a disintegrator. It consists of two circular stones 
about three feet in diameter, and eight inches wide, running on the 
eight-inch face. {See Fig. 240.) They are carried on tlie two hori- 




Figuke 240. — The edge riinnoi*. 

zontal arms of a vertical shaft, and are placed on opposite sides. As 
the shaft rotates, the stones are pulled around, and as the lino of travel 
constantly leaves the vertical j-3lane of the stones, there is a side-wise 
drag which grinds, in addition to the crushing due to the mere weiglit 
of the stones. The material lies in a shallow pan; the operation is either 
batch operation, that is, intermittent, or continuous, by means of slight 
alterations- Small plows sweep the material into the path of tlie stones. 

Instead of rotating the stones in the stationary pan, the stones may 
be left stationary, and the pan rotated; also, corrugated steel cylinders 
of similar proportions may be substituted. 

Choice of Appliaistce and Sequei^ce of OpERATioisrs 

Crushing operations frequently involve two or more devices; for 
instance, in a coke plant, the coal passes crushing rolls first, and the 
product is sent to a Gardner crusher, of the rotary hammer-mill type, 
which reduces the egg size to a coarse powder; this is then loaded into 
retorts. In a gypsum plant, the rock from the mine passes through the 
gyratory, then the Jeffrey, and finally the Raymond mill; by these three 
steps, lumps of rock are reduced to an impalpable powder. Sometimes 
a single device is sufficient, for instance when sodium sulfide melt is 
made into cakes about three feet square and six inches thick, such a cake 
may be broken in several pieces by a sledge hammer, and the pieces fed 
to a jaw crusher set for rather fine crushing; the product is fine enough 
for leaching tanks. 
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The choice of tlic crushing, disintegrating, or pulverizing device depends 
chiefly ufioii the desired fineness, hut other factors must be considered. 
One is the toughness or brittleness of the material; another is whether 
very few fines are desired, or the greatest possible amount, with few 
coarser pieces. From any device, a single size is not obtained, but an 
assortment; to obtain one size, screens arc used; the total product of 
the crusher is run over tlic sci’oen ; that which passes through proceeds 
to the next operation; that which remains on the screen, the tailings, 
returns to the crusher. 

Screens. I* or small oticrations, a hand screen is used; it may be 
made by tacking a ware netting to a four-sided wmoden frame. Placing 
the material in it and moving the wfliolc mass back and forth, a part of the 
solid will jmss through and ji part will remain on the screen, if properly 
chosen. In all scrccaiing operations of the automatic type, some motion 



ReMOVABLE AMO 

inxerchanjseable' 

3CREE.KJ FRAME'S. | 


SC-REENEO K/IATERIAI- DIS- | | | 

CHAR<3E0 TMROUSH FL.EA\Bl_E FlfslE MEOlUM OVERSIXEL 
OUST r\SH~T Sl_EEvyE.S 4^ 4' 4 


Figure 241. — Fliit screen with rapid, rotary jerky motion, and with tapping. 
(Courtesy Orville Simpson Co., Cincinnati, O.) 


is required, otherwise the mass lies on the screen and clogs it. Some auto- 
matic screens achieve this motion by revolving and so moving the solids; 
others arc inclined, stationary, but receive rapid blows which constantly 
dislodge the material, causing the tailings to roll dowm the incline. The 
Newaygo screens of the Sturtevant Mill Company arc of this type. 
Usually three sizes are sorted by means of two screens, the coarser screen 
being placed over the finer one. The fines pass both screens ; the middlings 
pass the upper but not the second; they run to the low point where a 
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chute or a screw conveyor transfers them to the next device; the tailings 
cannot pass either screen and are returned by means of a chute and a 
bucket elevator to the disintegrator. The screens are always placed 
below the mill, so that they are fed by gravity ; they arc mounted on steel 
frames with cross members; the vibration is iminrrted by small hammers 
driven by cam shafts. 

A different principle is involved in the Raymond mill, whic*h reciuires 
no screen at all; the material is graded entirely by its lightness in a 
current of air (or other gas). The Rotex screen is exhibited in Figure 241. 



Figure 242. — The Bluterj^ess 
high-speed turbine siftcr. 
( Courtesy Abbe Engineer- 
ing Co., N. Y.) 


In the Bliitcrgess high speed turbine sifter, a still different i)rinciple is 
applied. There is no shaking, no vibrating, no suction. The material is 
thrown by a central turbine against the cloth. {See Fig. 242.) The motor 
is h.p.; the surface of the stationary screen is 6g- sq. feet; yet the 
capacity is high. With a speed of 740 r.p.m., and a llO-mesh screen, 
550 pounds of precipitated sulfur are screened per hour. With 1400 
r.p.m., and a 60-mesh screen^ 2000 pounds of aluminum stearate are 
delivered through the screen per hour. Two sizes are produced: the 
screened size, and the tailings. 

The rotary screen may be cylindrical, of the same diameter through- 
out, when it is usually given a slight incline toward the discharge end. 
It is mounted by slender arms to a central shaft, w'hich is rotated slowly.^ 
The material is fed to the inside of the screen; as the screen rotates, the 

^ About n r.p.m. for a screen 36 inches in cliajxiGter and 140 inches long. 
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lid travels further and slij^htly down; the fines pass through the meshes. 
If the screen has two sizes, the smaller mesh is first; using hyi)o crystals 
an example, the fine powder would pass through first, the pea size and 
tlL*^ lumps would roll on. At the second size mesh, the pea would drop 
throuo-h and would collect in barrels, free from cither fines or lumps. 
The lumps pass all the way through the cylinder, and drop off at the 

lower end. 

Instead of being cylimlrical, the screen may be wider at one end than 
at the other; the material enters at the narrow end, and as the screen 
rotates around its horizontal shaft, it moves downward toward the wide 
end where the tailings are discharged. Such screens are used for heavy 
materials such as gypsum ro(‘,k or pyrite. 

(h'liKK Patents 

T" S Patent rolary (hum ball mill in which pulverized material is 

Uv .i funvnt of air or Ihiid; 1.879,479, ball mill for (airrying ont reactions in 
of S. »nd 1,862,557, son.o; 1,810,380, .mlvomor ol thu votarv 

ivnn* 1862.889, a rotary cru.sher with scro(ming grid; 1,888.636, eyhn(.lrical 
spi^^rnin*^ ^ and conc(Uitra1 ing apparatus having rotary motion; 1,882,908. inclined 
Sbratin” screen; 1.819.()49. horizontal rotaiy screen or trommel; 1,798.433, rock crusher 
Win- an occcaitric oiawating mechanism, and a shaker scrc<^ii having its receiving 
end mounted on the eccentric of the cm.sher; 1.884,316 crusher of the rotary tyiie 
onv,i;f.q}ilp to furnace constructions; 1.S74.830. jaw crusher consisting of a iiiosabie 
3 a fisod jaw; 1,872,233. hainmcv mill m.dwv; 1,847,^9. a double roll m«her; 
1871727, apparatus for disinh'gratmg ])article.s siispcndecl m a liquid , 1 4^,138. 

hammer mill which has a s.>ri(>s of hamuKws which crusli the maloruil ns it, moM. 

along on a 


- - 'k 

belt, (does not have cage bars); l./62,/27, grain 


disiutc'gral ing mill 


along on a wca, 

consisting of one movable and one fixed attrition plate 
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Among the many tasks which devolve v/pon the chemical engineer ts 
that of finding vessels in which the reactions of commercial importance 
7nay he rivn. The reqxdrernent is never that the vessel should last Jor 
many years, hzit increly long enoztgh so that its cost )nay be absorbed by 
the process; it folLozos that a cheaper vessel may he replaced more often 
than a dearer one, and that a valziable prodzict vjdl permit a more expen-^ 
sive reaction vessel than a prodxict selling for a low price. A second con- 
sideration is that the tizne lost for replacement -mzist be as short as* 
possible, for while the plazzt is idle it earns nothing. 


Chapter 45 

Materials Used by the Chemical Engineer 

The materials used by the chemical engineer are very numerous; of 
first importance are steel, cast-iron, wood, stone slabs, l>ricks of various 
kinds, lead, copper, and stoneware. These materials servH^ for the con- 
struction of reaction vessels, absorbing and collecting vessels. The sub- 
ject of bricks has as an inseparable part that of the cement in which they 
are laid; the cement must resist the attack of the reaction mass as well 
or nearly as well as the bricks themselves. Of secondary importance in 
point of tonnage are the special alloys such as duriron, monel metal, 
bronze, quartz, glass-lined cast-iron vessels, and others. A third class 
of substances are the filling materials in towers for the absorption of 
gases in water, or for the drying of gases by means of sulfuric acid for 
example. A fourth class might be that of the catalysts, such as platinum 
and iron. A fifth class are the absorbents, such as charc(jal in the Burrell 
process for the removal of gasoline from natural gas. All these classes 
are used by the chemical engineer; the divisions arc for the sake of 
clarity chiefly. But besides making the material, it must be shipped, and 
suitable containers are essential for the full develoi)mcnt of a manufac- 
ture; glass, lead, steel, wood, absorption in diatomaceous eartli, even wax, 
are concerned in the development of shii')ping containers. 

XJnlined steel is used wherever possible; storage tanks of considerable 
size are built of mild steel sheets, riveted or welded; the sheets with 
proper curvature and with the rivet holes punched, arc shipped by rail 
and assembled on the spot, so that there is no limiting size in transporta- 
tion which interferes. With cast-iron, it is different; unless the piece is 
made in sections, bolted together on the job, its size is limited by the size 
of the railway cars. Unlined steel is used for the storage of oil, ammonia 
liquors, alcohol, concentrated sulfuric acid, mixed acid,' and oleums, besides 
countless other liquids; it is the reaction vessel for the recovery of ammonia 
from the ammonium chloride liquors in the Solvay soda process, for the 
distillation of industrial alcohol and methanol, for the soda wood-pulp 
digester, and many others. Cast-iron is used for caustic ^ pots, for the 

^ R-eferences "to otlier chapters woiilrl be so numerous in tho discussion of Tnat<*risils used by 
the chemical engineer that tliey will not be given; the. reader will iiloasc (witisulfc the list of chap- 
ters at the front, or the index. 
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final concentration to the anhydrous condition over the free flame; for 
nitric acid retorts, and Mannheim fxirnaces for hydrochloric acid; for 
the nitration and sullonation of benzene and other organic substances; 
and for many other reactions. Cast-iron is not as strong as steel, and 
must be heavier as a result, but it has the great advantage that it can be 
cast to any curved shajxe desired, and the curved surface is free from 
joints. The casting may be water-cooled and inside channels so arranged 
that the desired circulation is obtained. Castings are comparatively 
cheap. 

Castings (Iron). In a foundry, pig iron is the main raw material; 
it is chosen ot a specific equality, and a certain definite proportion of 
steel scrap is added wliich among other things lowers the carbon some- 
what. The pig iron with added steel is melted in a cupola, essentially a 
small blast furnace with an liourly capacity of 10 to 15 tons. The fuel 
is coke, and a small amount of flux (limestone) is provided, whose 
function it is to form a slag witli the ash from the coke and any sand 
adhering to the jugs, Tlie ii-on passes through the cupola practically 
unchanged in coinposil ion ; t he carbon, combined and free, remains the 
same; the silicon de<*reases soniowliat, the sulfur increases slightly. The 
loss in iron is 5 per cent, chiefly as globules mixed with the slag. 

The melted iron is drawn into ladles carried by overhead cranes 
(electric), and poured into tlic prepared form. Small castings arc made 
in “flasks’’, two-piece boxes filled with sand in which the impress of the 
design is half in one part, half in the second jxart; the inner part of the 
casting which is to l)e hollow, is represented by a solid shape of sand, the 
core; where the core is, the metal cannot flow; it can only fill the space 
between the core and the flask. Flask and core arc made from a pattern 
made of wood, from accurate measurements, with enough oversize to 
allow’ for the shrinkage of cast iron on cooling, onc-cighth inch per foot. 
The small castings arc poxircd from a crucible on long bars carried by 
two men; the criici])lc is filled from the ladle. The core is made to hold 
together by moistening the sand with molasses and baking till hard. 

The practice in making a casting may be further illustrated by a 
caustic pot, which is cast right side up, that is, with the flange on the 
top and the round bottom at the base. There is first constructed a 
core, which is so large that bricks as well as sand are employed; around 
the core, a mold provides the outer wrall which determines the outside 
surface of the casting. An extra height is provided in which the metal 
rises, carrying in its ui^ixcr portions any slag which it may contain (the 
riser) ; this part is later sawed off. The metal flows into the compara- 
tively thin sixacc so x>T’ovidcd, and fills it. After some cooling, the outer 
wall pieces arc knocked down or lifted up (annular shapes) ; the pot may 
then be lifted in turn, and then the core knocked out.^ 

Castings are cleaned of core sand by sand blasting or by wire brush- 
ing, and may be machined on lathes; they may be drilled and threaded. 

^ Cormparo article in Chem. Met. Eng., 20, 394 C1919), with 8 illustrations. 
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Cast-iron drillings arc short, almost powdery; steel drillings are long 
si^irals or shavings. 

Steel. The steel used for storage tanks, car tanks, stills, reaction 
vessels, settling tanks, classifiers, evaporators, and an endless number 
of purposes is generally mild steel, with 0.20 to 0.30 per cent carbon. 
The thickness varies with the size of the vessel and the puri^ose. For a 
storage tank for alkaline liquor, 20 feet in circular diameter and 20 feet 
high, the sides would be three-eighths inch, the bottom perhaps one-half 
inch in thickness. Steel tanks are riveted, single or double, and caulked 
by a pneumatic chisel. The practice of welding instead of riveting is 
growing constantly; the weld has the advantage that it does not need 
caulking, and is not subject to a leaking rivet. Steel tanks exposed to 
the weather are painted on the outside. 

Steel may be punched, as well as machined; it may be drilled and 
threaded; it may be bent into box-like shapes, cutting for the corners 
and welding the edges; two such boxes, one shallow and one deeper, are 
riveted together to form a jacket through which water may bo circu- 
lated, the water-cooled jacket, suitable for furnace walls without any 
protection. Inhibitors of corrosion arc briefly mentioned in Chapter 1 
{see al 80 reading references there). The suitability of steel to certain 
strengths of sulfuric acid will be found discussed in the same chapter. 

Wood. Formerly wood was used much more than now; it is fre- 
ciuently replaced by steel. For some processes, in which dilute mineral 
acids arc used, wood (oak) is still the best material; for example in the 
extraction of bones with cold dilute hydrochloric acid for gelatin and 
glue making. For intermediate water storage in large plants, wx)odcn 
tanks arc freely used. A wooden tank is made tight by swelling it with 
water, and it will remain tight if kept filled ; but if allowed to become 
dry, the planks shrink, and leaks develop; in this respect the wooden 
tank is inferior to the steel tank. Wooden tanks lined with lead arc 
used for storage, crystallizers, and other purposes. 

Stone Slabs. Tow^ers for the cooling of hydrogen chloride and for 
its absorption in water to form hydrochloric acid may bo constructed 
of stone slabs. Sandstones about 6 inches thick and 4 or 6 feet square 
are placed for several days in hot tar which penetrates into the stone 
a short distance and renders it acid-proof; a stone 7 feet square 12 inches 
thick forms the base; it is hollowed out enough to give drainage to the 
discharge opening at its center. The bottom stone is placed on piers, 
and the square tow'er is built up of the thinner stones, each course con- 
sisting of two 4 by 4 and two 6 by 4 stones, held together by cast-iron 
corner pieces and steel rods. The joint betw^cen the stones may be filled 
w^ith asbestos cord, or wdth specially made rubber gaskets. Such towers 
are not used as much as formerly, but many are still in operation. Every 
Mannheim furnace has at least a cooling box for the gas made of tarred 
stones. 

Bricks. The common red brick and the sand-lime brick are used 
for piers and outside courses; soft or hard firebricks for the lining of 
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fireplaces. The latter arc also the more common acid-resisting bricks; 
they are strong, hard, and tough, and unaffected for example by the 
acid liquor in the sulfide pulp digester. In this digester, the bricks are 
laid in litharge and glycerin for cement; this mixture hardens and resists 
the acid liquor as well as the bricks. Until its introduction, the digesters 
had to be rclined at irequent intervals, a costly interruption. In fire- 
places, the bricks arc laid in moistened fire clay, or in fire clay and 
silicate of soda solution. Sand and silicate of soda is also useful, and 
sometimes for filling cracks between bricks in a hot furnace (with 
alkaline charge), sand alone; it is gradually fused by the alkali and runs 
into the spaces between the bricks. Portland cement with sand is used 
in the outside courses, iinarfcctcd by the furnace cliargc, but may also 
be used in numerous cases inside the furnace. Ground asbestos in sili- 
cate of soda is both fire- resisting, and to a considerable extent acid- 
resisting; for nitric, acid, a little linst^ed oil is incorporated. Seine silicate 
of soda mixtures profech.c'd by (,rado names contain, besides ground 
asbestos and silicate of soda, some tar. ^‘Acid-proof’ cement, sold as 
si^ecial cement under that name, is usually ground flint, which tlic cus- 
tomer is dircctc'd to mix with silicate of soda solution; fire clays and 
ground asbestos may l>c ocpially suita})lc^ 

Portland element furnac'es are usually lined with bauxite bricks, while 
magnesia bricks for basic Ik'ssemers and similar processes are very 
resistant to slag and fused linic'stonc. Ghromc bricks arc as dear as 
magnesia bricks (tlflOO to $200 jier thousand) ; they arc said to be neutral; 
slag does not cling to them.’^ SonK:‘.what cheaper alkali-resisting bricks 
are made from ahmito. 

The function of all the bricks given above is to resist heat and 
chemicals; a brick may be needcHl, however, for a totally different pur- 
pose, namely, to divide a heating chamber from a reaction chamber; in 
this ease, it may still need to be heat-resisting, but it must also bo 
reasonably heat-conductive. Silica bricks are such, discussed in Chapter 
10, where cruciblcvs arc ahso discuvssed. 

Lead. It may be said that it is to lead that the chemical industries 
owe their success; until it was ciniiloycd for the reaction vessels in the 
manufacture of sulfuric acid, the latter product was a curiosity; it is 
now a commodity at 1 cent, in favorable cases 0.5 cent per pound, and 
even less. Lead sheets form the walls of the sulfuric acid chambers, of 
the Gay Lussac and Glover towers, of the storage tanks, with wooden 
or steel frames, for tlie i>ii:)mg of the acid, for pumps, and for the con- 
veyance of the gases from one tower to another perhaps distant one. 
The lead chamber walls arc supported on wooden (also steel) frames, 
and the sheets arc burned together, that is, the edges are melted together 
with a hydrogen-air flame. Lead-lined steel is used for the saturation 
of soda ash suspension in the manufacture of anhydrous bisulfite of 
soda, for the pickling bath in the galvanizing plants (if sulfuric acid is 

® In normnl times, a firebriclc lyoocl for 2600® F. costs about $47; good, to 3200® F-, $85 to $100; 
size in both cases 4i X 9 X 2^ inchcjs ; silica bricks, $58 and over. All prices for 1000 bricks, f .o.b. 
brick yard. Fireclay costs $0.80 per ton Cfor bulk). 
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the pickling acid), in ammonium sulfate saturators, and in numerous 
other installations. Lead sheets which have become perforated, or thin 
in spots, are sent to be rerolled for a nominal charge, into any thickness 
desired. 

Lead used for chemical purposes such as those listed above is not the 
purest lead, but contains antimony, copper, zinc, and other impurities 
which render it more acid-resisting. By raising the antimony content to 
6 or 10 per cent, the lead is made rigid, about twice as strong as chemical 
lead, and remains acid-resisting. For many purposes, however, it is an 
advantage to be able to bend a pipe line at wdll while laying it, and in 
general, ordinary chemical lead has retained its primary position. 

Copper. Copper is used for the rcdistillation of acetic acid, which 
does not attack it except to a slight degree; coi:>pcr is used also for the 
steam coils in crude methanol stills, and for the rectification of some of 
the crude fractions. Copper is the melting vessel for a number of copper 
alloys, and in the manufacture of varnish. Shelves and trays in the 
fractionating towers for liquid air, as well as for bubble towers in oil 
refining, arc made of copper. Water-cooled copper coils arc used in 
electrolytic furnaces, wdiilc water-cooled copper or copper alloy discharge 
pieces arc suitable for fused sodium sulfide and other furnaces. 

Stoneware. For acid vai-^ors and acid liquors, stoneware furnishes 
cooling, absorption, and collecting vessels; it is made of selected clays, 
screened of all coarse particles, and sintered throughout its thickness; 
a strong material results, which may therefore be thin (one-half inch) 
and correspondingly more clastic and more efficient in cooling action. 
For mere storage, with no temperature changes, the vessels arc thicker. 
Some further information will be found in Chapter 10. 

Hard Rubber. Hard rubber piping, pumps, and pistons have been 
applied with success in a number of cases; as example, hydrochloric acid 
may be pumped from one place to another one-quarter mile away by 
means of a small hard-rubber power pump and hard-rubber i:)ipmg. 
Hard rubber may be threaded, and the threaded pipes put together with 
unions and sleeves; still another advantage is that hard rubber may be 
softened by hot water. It remains unattacked by almost any acid; 
hydrofluoric acid does not attack it. 

Buriron. Duriron is a cast iron with abnormally high silicon con- 
tent, namely 14 per cent; it is practically unaffected by sulfuric or nitric 
acids, and only very slightly by hydrochloric acid. The drain pipes 
from sinks in large laboratories arc made of duriron, which resists com- 
pletely the action of the dilute solutions of all kinds of chemicals. 
Complete nitric acid condensing plants made of duriron (Hough patent) 
are in use, and generally the first cooler in any nitric acid plant is made 
of duriron, for this material has the passivity of stoneware combined 
■with almost the strength of cast iron, and a thermal conductivity sur- 
passing that of stoneware and approaching that of cast iron. Acid lines 
are frequently duriron, and in general, this alloy has been a boon to 
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the chemical indiistrioft. 'l^'aritiron and Oorrosiron are essentially similai' 
liigh-sili<^*<^>i^ east ii*ons, aiul sta*ve siniihir ])in*i)oses. 

IDuriron is exti'cniely liard and brittle; it must bo reinforced in many 
instances by a cast iron or steel envelope or frame. Duriron cannot be 
machined, drilled, or tbreaded; in order to face two flanges so that they 
fit they must be ground with abrasives, a tedious and expensive process. 

Monel Metal- This white metal contains 67 per cent nickel, 28 per 
cent copper, and 5 per cent other metals, but no zinc, tin, nor antimony, 
it melts at 2480"^ F. (13G0''' Ch), higher than cast iron or copper (specific 
gravity 8.87 cast) . It is unaffected b^^ common salt solution, while cast 
iron, steel, and copper arc attacked. With many other chemicals it is 
comparatively inert, although it does not resist acids as well as duriron 
does; but monel metal has the great advantage that it can bo drilled 
and tapped, and in gonc‘ral handled in tlie machine shop as steel is. It 
may also bo cast. The tensile strength of monel metal is greater than 
that of mild steel and ecpial to that of medium steel. ^ 

Monel metal ma^’' be drawn into wire, and this woven into clotli 
which may be used in the filtration of alkaline slurries, for wdiieh iron 
wire cloth is usually employed; in such cases the monel metal wire cloth 
lasts several times as long as the iron wire cloth. 

Monel metal is much more exj^ensive than steK>l, but in spite of tins, 
its use has been expanding. Rotary driers for salt'”'* fXaCl) have been 
lined with monel metal plates, held in place by bolts of the same mate- 
rial. In refrigeration plantvS, all parts which come in contact with the 
■brine give better service if made of monel metal. For the handling of 
sea water (on boaixl shii)s) it is made into pump linings and pumi'> rods; 
propellers of all sizes have l)ccn made of monel metal. 

Chromium Alloys. Chromium steel and iron find several impor- 
tant api^lications in the ai)plianccs of the chemical engineer. The alloy 
consisting of iron and 13 per cent cliroinium resists the corrosion of 
water, salt water, and a great number of other liquids; it is often called 
stainless steel. It serves in the form of pipes, valves, autoclaves, and 
other containing vessels, also in making cntlery. As an example of the 
wide range of possibilities, it might be stated that the 14 per cent 
chromium alloy with 0.15 per cent carbon resists nitric acid of any 
concentration at any temperature below the boiling point; it has been 
found suitable as the structural material for reaction and absorption 
towers in the ammonia oxidation process to nitric acid. 

Not only the chromium-iron alloys, but chrome-plated steels are very 
resistant to corrosion, so that chrome plated pieces of large sizes are 
now used by the chemical engineer. As example, the vaporizing chamber 
in the Dubbs process for cracking oil for gasoline might be given. Plated 
tableware and automobile fixtures are very beautiful, with a high luster 

^ For 'tensile strengrtli of steel, sec Chapter 48; monel metal lias 90,0Q0 pounds per square inch, 
for tests on rods Choohlet on IVIonel IV^etal, l>y the Inteniational Nickel Co., New Yorlc). 

® Fifty-five feet long, 6 feet diameter. 
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and a bluish color; they do not tarnish. A number of alloys are. described 
in Tables 73 and 74. 


and Corrosio'^^~Res^starice of Some Chromvibm Alloys,:^' 


Table 73 . — C omrposii io7i 
Alloy 

Allegheny metal 

Duriron (not machinable^) 

Elcomet IC 

R-55 (ba 13 our) 

Hasten oy A 

Niclirome 

Stainless A 

Stainless 

Stainless steel 

Stellite (not machinable) 

Monel metal 

Zirconium #200 

*Chcm. Met. Bug., 36, 5S4-5 


Composition 

Fe; Cr 17-20; Ni 7-10; 
Mn <-5; S <-5; C <.2 
Fe; Si 14.5; C .85; Mn 
.35 

Ni 22; Cr 23; Cu 3.5; 
Mo 2; AV .13; Fe 48; 
Si 1.25; Mn .50; C .12 
Ni 52; Cr 23; Cu 6; 
Mo 4; W 2; Fg 8; Si 4; 
Mn .50; C 25 
Ni 60 ; Fe 20 ; Mo 20 


!Ni 60; Fo 25; Cr 15 
Fe; Cr 14; C .35 

Fe; Cr 18; Ki 8; C .18 

Fe ; Cr 8 and over ; Mn 
4; C <.12 

Co 40-80 ; 0.25 ; Cr 

20-35; C .75-2.5 
Ni 60-70; Cu 25-35; Fe 
1-3; Mn .25-2; C .5-3 
Zr 2.77; Si 9.15; Ni 
71.41; A1 .32; Fe 12.03 

(1920). 


Itesists 

HiiS, SOii, oxides of 'Nf 
HKO.., KaOH, ’ 

hbSO., HCl, H^^O:., HAc 
XaOH, Cl in 

Aq. sol. 

Corrosive mine waters in 
coal mines ; an.y acid 
liquor. 

Viscose solution in i-ayon 
plants. 

Til. cold IbSO,. dil. 
cold I-ICl, HAc, XaOH, 
XH.OH 

I-IX 03 , HAc, NaOH, 

:nttoh 

llKO:u HAc, >sTaOH, 
KH.,OII 

HNO«, HAc, XaOH, 

:nt-i.,oh 

HiiS 0-1, IT Ac (in alxsencc 

of air), IsTaOH 

SO», ]VaOH, liCl, IbSO., 


Fused Quartz. A material totally unaffected by acid gases is fused 
quartz, obtainable in many forms, among others in 4-inch diameter 
>S-bends, suitable for the cooling of hydrogen chloride. Other shapes 
are recommended as absorbers of the same gas in water. Quartz pipes 
withstand changes of heat better than stoneware, and arc used for a 


Table 74. — Corrosion Tests on Special Material for Comparison 
zvith Zirconizim Alloy s.'\ 


C* in o per cent 


Sample HCl Aerated 

Huriron .... 

Cast steel 0.04468 

Cast iron . 0.16298 

Hasten oy A 0.00437 

Zirconium, #200 0.00366 


t Taken from '^Corrosion, resistance of zirconium alloys," H, 
Trans. Am. Inst. CJiem. Eng., 27, 253 (1931). 

* C — Corrosion expressed as inches penetration per month. 


C in 95 per 
cent HLoSO.i 

0.00002 

0.00817 

0.00004 

0.00001 

0.00006 

L. Coles and J. R.. 


Withrow, 


first cooler (in the Mannheim) with good results, but otherwise its ser- 
vice is not markedly superior to that of stoneware, which is far cheaper. 
Quartz is furthermore easily broken by an accidental blow. 
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Fuujkk 243. — A “l\vr('x (Hass” 
rriu4 i<)iia4 iujj; (‘oluiiiii. 

(Coiirl.c'sy C^'Oruinji CJlass 
Works.) 



For the preparation of chemically pure water, a quartz appaiatus is 
well adapted. 

Pyrex Glass by itself, and not merely as a lining, is fast taking a 
prominent place among the materials available to the chemical engineer. 
The adjoined figure shows an all-pyrex distilling column; the advantege 
of being able to follow the operations with the eye will be evident. The 
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bells on the several plates arc fastened down with jiyrcx bolts and nuts. 

Glass-lined cast-iron vessels combine the inertness of glass with the 
strength of cast iron ; they are used for numerous evaporations and reac- 
tions. For the preparation of yeast cultures brass-lined tanks are indis- 
pensable. For many purposes, fair-sized enameled and glazed porcelain 
vessels may be improvised from slightly defective (in shape) bathtubs, 
rejected for the regular trade. 

Sulfur-containing cements, melting at a moderate temperature, may 
be flowed over the inside of a cast-iron vessel coating its walls, so that it 
becomes acid-resisting, for cold acids (basolitc). 



Fkjurk 244. — StortijLiiu tanks 
for 40 r)cr <;cnt liydro- 
ohloric acid made of 
IT a V o p; , reinforced by 
outside wooden strips. 
(From the Berlins ])lant 
for Wood Hydrolysis, 
IT oi del her".) 


A material called JMammuty of German origin, has become of impor- 
tance in the wineries, for coating the inside of wooden tanks as well as 
concrete ones, in which the grape juice and the fermented product is held. 
IVlammut is black, resembles wax in apiDcarancc, is tasteless, almost 
odorless, and insoluble in the dilute alcoholic and acetic wine solution. 
The faint odor which it has is that of an odoriferous balsam. 

A newcomer among the structural materials, Havegy a phenolfor- 
maldehyde type resin containing a selected asbestos filler. It is a 
strong material, and has the particular merit of resisting most acids of 
low and medium concentrations. Specific gravity, 1.6; compressive 
strength 10,400 Ibs./sq. in.; unchanged in any way up to 130"^ C. (265° F.). 
It has a low heat conductivity. Haveg is made into tanks 10 feet high 
and 10 feet in diameter. Tanks for pickling iron, for electrolytic proc- 
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cc-ses for dyeing operations, arc available of Haveg. In many cases, a 
stecl^shapc is covered with the resin and filler, coml:)ining the strength 
of steel with the inertne^ss of the i*esin. Ilaveg dexis not resist acetone, 
strong oxidizers, i^yridine, or sodium hydroxide. 

Tower Packing. For the absorption of gases in water, towers may 
be packed with coke in many instances, an inexpensive packing. Broken 
citoneware may be used, or the special trays such as the Lunge towers 
for nitric acid gases. For sulfuric acid, quartz lumps, with irregular 
shapes, and classified as to size, are used. Hollow spheres of stoneware 
have been proposed, while the so-called spiral chemical rings, in two 
sizes, 6 and 3 inches in diameter, have been very successful.^ A good 


Ftcitrk 24/5. — omacnoiis 
earth, from ISTew York 
state, show inti; the fine 
structure whicti rise 

to liir<>;cj surface ; run of 
mine sami)le, unselectod. 
Micrograph as repro- 
duced, 02 d i a m e t e r s . 
(Pliotograi )hc^d in iui- 
th or ’s 1 ab ora t ory . ) 


packing must offer maximum surface of the liquid to the gas, retain the 
descending liquid for a period long enough for saturation, and allow free 
circulation of the ascending gas. 

Catalysts and absorbents are discussed in their proper place in other 
chapters. The science of catalysis is rapidly advancing, but as yet many 
firms must make their own catalysts, because some of the catalysts are 
not as such on the market, even in a preliminary form. As absorbents, 
charcoal and silica gel are best known; both have been applied to the 
removal of valuable gasoline vapors from natural gas. Silica gel is 
made" from silicate of soda solution (sp. gr. 1.185) by the action of 
hydrochloric acid (10 per cent), at the temperature of 50° C., with 
stirring. After setting 4 hours, the gel is washed free from salt with 
water and dried in a current of air at 75° to 100° C.; finally heated in 
a vacuum. Hard, transparent, porous granules result with high adsorp- 
tive power. The gel is stable to 700° C. Only by observing certain 

® Manufactiirocl by tlie H. Mifflin. Hood Brick Co., Atlanta, Ga. 

'^JJ. S. Patent 1,297,724 (1919), to Waltei' Patrick. 




734 


INDUSTRIAL CHEMISTRY 


definite conditions is the gel obtained in the active form, with high com- 
mercial value. Activated alumina is a partially dehyclratcd aluminum 
trihydrate, which can absorb as much as 14 per cent of its weight in 
gases and vapors. As for silica gel, the alumina absorbent must be reacti- 
vated by heating, to 350*^ to 600*^ F., followed by cooling before starting 
the next cycle. Activated alumina is furnished in granules which pass 
an 8 to 14 mesh, and other sizes. Silica gel is furnished in a similar size 
granule, and also for certain absorptions, in powder form. 

Aids in filtration in the form of fine i3owders, usually natural powders 
such as diatomaceous earth, have been introduced under various names 
(Silocel) and have proved of great help; they are stirred into the turbid 
liquid, and after some time the filtration is i)erformcd. The very fine, 
essentially colloidal particles of the turbidity are adsorbed by the added 
powder. The same powder frequently removes color as well as turbidity, 
but not always; with oils, such as linseed oil and also wood-tar oils, 
fuller’s earth (a clay) has reduced color. 

Decolorizing agents include '^‘chars,” wdiich were made originally by 
charring bone; the residual carbon is accompanied by a calcium phos- 
phate substructure. In using these decolorizing agents, they are added 
and suspended in the solution to be cleared of color; after some time, 
the suspension is filtered. For acid solutions, bone char is objectionable, 
as some phosphoric acid forms. The ^Vegetable chars” and specially 
trade-marked articles do not contain phosphates. One of them is carbon 
with 40 per cent fine sand which j^asses a 200 mesh sieve; the presence 
of the sand facilitates the suspension, and especially renders the sub- 
sequent filtration easy and rax3id. 

Plates for the filtration of very acid solutions, such as concentrated 
sulfuric acid, consisting of porous silica ware, have been received with 
favor (Filtros) . A single plate is perhaps 10 by 10 inches; if a larger 
surface is desired, several plates are set in an acid-joroof cement to form 
the roof of a box, to which suction may be aioplied to facilitate the filtra- 
tion. 


Sl-IIPPIiSTG CO]SrTAINERS 

The mineral acids w^ere shipped in former days in glass carboys of 
the balloon type, packed in hay or ground cork. For nitric acid, such 
packings are dangerous, and the Stahl carboy was developed, in which 
a 12-gallon bottle with straight sides is held in place by four strips of 
w’ood at the corners of the containing box; the surface of the strips (4 
inches wide) is grooved to soften it. The dimensions of the box and 
of the bottle are so adjusted that the bottle can just be forced in place by 
gentle pressure. This style carboy was so successful that it has become 
standard for all acids. 

Glass- and lead-lined containers were used exclusively for the ship- 
ment of sulfuric acid until steel tanks, portable and stationary, were 
introduced. This simplified the shipping of sulfuric acid and mixed 
acids, reducing the labor cost and the loss due to .breakage; it took some 
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time to convince customers tliat acid shipped in steel drums holding 
2000 pounds or steel tank cars holding twenty times as much was as good 
as acid shipped in the familiar glass carboys.^ 

Single tanks on a railroad flat car, used for many years only for 
crude oil and petroleum j^roducts, have gradually become standard in 
nearly all branches of chemical manufacturing. Steel for sulfuric acid 
and mixed acid is well known. Anhydrous ammonia is shipped in car 
tanks of similar size; single units for liquid sulfur dioxide, and for liquid 
chlorine, are in daily use. A tank of aluminum for 98 per cent acetic 
acid has been adopted as well suited. Steel tanks with a thin nickel 
lining have been introduced.^ 

I-Iydrochloric acid may be shipped in a steel tank car lined with 
wooden beams impregnated with ozokerite. Another suitable large-scale 
container is a rubber-lined wooden tank; usually 5 tanks are placed 
crosswise on a flat car. 

Light sheet-steel drums with tight covers are much used, also steel 
barrels, tight wooden barrels for liquids, sometimes parafSn-lined. Square 
lead boxes in wooden protecting cases are used for hydrofluoric acid, also 
ceresine bottles. Mercury is transported in cast-iron flasks. Many solids 
are shipped in bulk, or in sugar barrels (not air-tight) . 

There is promise at the present time that a drum of light weight with 
welded joints will be developed, of chrome-iron alloy (17 per cent Cr) , 
in which nitric acid made by the oxidation of direct synthetic ammonia, 
hence free from halogens, may be shipped. Tank cars of the same mate- 
rial suitable for such nitric acids are now constructed. Welded steel 
barrels or drums are being developed especially for the brewery trade. 

Ot n KR Pate isr TS 

U. S. Patent 2,066,229, casting* by the centrifugal casting process; 2,056,766, pro- 
ducing iron-chrome castings containing nitrogen ; 2,066,229, casting by the cen- 

trifugal casting yDrocess ; 2,056,766, producing iron-chrome castings containing nitro- 
gen, to F. M. Beckett- 
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For the control of opcrcitions vri rndiisirial plantt^, the chemical engi- 
neer has at his disposal a fast-grozoing array of instrziments; thoir 
relative values arc best cxJvibitcd by groxt-ping them together in one dis- 
cussion. 


Chapter 46 

Instruments of Control Used by the Chemical 

Engineer 

1 1 V L>RO M ICTE R W 

The conccutriil.ion dT ti solution, for instance of sodium tliiosulfntc, 
is allowed to prot'ced until the density reaches a definite point, wiiich 
trials have vshown to bo liii2;h enough so tliut on cooling- a rich croi") of 
crystals will bo formed, yet low onoup;h to contain enough Avater to form 
a mother liquor which will <‘.arry away the im]Aurities ; that density, in 
this case of* Bo. for the liot liquor, is determined by means of a hydrom- 
eter. In countless other similar preparations of licpiors, similar tests arc 
made with the liclp of the same instrument. 

In the manufach.urt'^ of sulfuric, acid by the chain].>er process, the 
amount of steam or sin*ayed water sent into a ehaml>er depends upon 
the strength of the ac.i<L drips; this strength is (lelerminod by the hydrom- 
eter. For any procc^ss of dilution or of strengthening of this acid, and 
many others, the same instrument is used. 

The simplicity of the aj'tjnxralus needed iiAsures its continued use; a 
container, usually a glass or lead cylinder, the liydrometer I'^roper, and a 
thermometer, form a complete set. 


Pkjukc 246. — I'l ydroiiicd.or for litiiiicLs 
lu’LLvit'r IhiLii wMlor, for llio raiijz;u 
ill specific: ^ruvity of 1.500 to 2.00. 



B[yd.rometers for Tiquid-s Heavier tlian 'W^ater. A. hydrometer 
is a float, Avith a loAver Avide chamber A\diich is suitably loaded with 
mercury or iron shot, and an upper tubular chamber in which a scale is 
provided. The float is buoyed up to a height depending upon the specific 
gravity of the liquor; the higher the specific gravity, the higher is the 
float pushed up. The point on the scale on a level with the surface of 
the liquid, after the instrument has come to rest, is read. The con- 
struction of the hydrometer is shown in Figure 246. 

737 
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The ^'common’’ hydrometer reads from 0° to 72*^ Be., and frequently 
carries the equivalent metric values, the specific gravities, from 1.000 
to 2.000. The smallest division is one whole degree, and can hardly 
be subdivided; this instrument is therefore used for the first apioroxima- 
tion, indicating which one of the finer ones should be used next. A scale 
of ten degrees Baume forms usually one instrument of the more accu- 
rate type, each degree being subdivided into tenths; these are wide 
enough to allow an estimate to within 0.02° Be., equivalent to about 
0.005 on the metric specific gravity scale. Hydrometers graduated for 
specific gravity readings are coming into use more and more; for the 
finer types, the scale covers one-tenth (thus 1.200 to 1.300), subdivided 
in ten hundredths, and each of these in ten thousandths ; each of these 
last divisions may be subdivided by estimation into fifths, giving a final 
reading to within 0.0002 on the metric specific gravity scale. Thus for 
the space from 1.000 to 2.000 there would be ten glasses; such glasses 
are usually kej^t in the plant laboratory and the samples to be tested are 
brought there. 

In order to insure accuracy to the last estimated place, a set of glasses ^ 
standardized at the Bureau of Standards in Washington is kept in the 
laboratory for comparison only; a second set, the one in use, is compared 
with the standards and the necessary corrections listed on the cover of 
the containing box. 

Temperature Corrections. Such accurate hydrometers would have no 
meaning if at the same time the temperature were not determined; this 
is usually done by means of the same instruments, which carry an enclosed 
thermometer reading from — 10° to 40° C. or the corresponding values 
in the Fahrenheit scale. By means of tables, or in the absence of tables 
by means of determinations, a correction for temperature is applied, in 
order to reduce the readings to 60° F., the standard temperature. 

For example, a sample of muriatic acid gave the reading of 21.6° 
Be. at 74° F.; the correction for the range 22° to 25° Be. is one-twenty- 
eighth degree Be. to be added ^ for each degree Fahrenheit over 60° ; 
hence 


original reading 21.6 

correction for error of scale .0 

correction for temperature 1/28 X 14 .5 


22.1 


As the acid must be 22° Be., in this case, it just passes. 

Using metric specific gravities the corresponding values would be: 


original reading 1.1751 

correction for error of scale 0 

correction for temperature 0.00035 X 14 0049 


1.1800 

^ Such standard sets are usually the pride of the laboratory. 

2 For temperatures above 60° F. the correction is added: below 60° F., subtracted. 60° F. 
equals 15.56° C. 
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For control within the plant, the accuracy is not so great; a liberal 
margin of safety is provided by making the goods intended for shipment 
distinctly overstrength. 

The relation between the Baume scale and the metric specific gravity 
scale and a table for the Baume scale for liquids heavier than water with 
the corresponding specific gravities is given in the Appendix. 

Hydrometers for Liquids Ligliter than Water. A water solution of 
ammonia decreases in sj^ecific gravity as its content of ammonia 
increases; the strengtli of the liquor is judged in this case also by 
means of a hydrometer which must be graduated in such a way that the 
further it sinks in the liquor, the higher will be the reading in degrees 
Baume on the scale. This is therefore an entirely different Baume 
scale, which is distinguished from the previous one by adding the words 
^'for liquids lighter than water.’’ The corresponding specific gravities 


Fkjtjrk 247- — Hydrometer for liquids 
Ji< 2 ;h(.er than water, for the range 
in specific; gravity of 0.500 to 
1.000. 


are less than unity. Such an instrument is shown in Figure 247. A 
table giving the Baume scale for liquids lighter than water with the 
corresponding specific gravities will be found in the Appendix. 

A correction for temperature differing for each liquid must be applied; 
for temperatures above G0° F., it is subtracted. 



Tempekatuke Measxjremejstts 

For temperatures between — 20° C. ( — 4° F.) and 360° C. (680° ? 

the ordinary mercury thermometer is used widely, in spite of the fragility 
of the glass container. Such an instrument is really a dilatometer; the 
expansion of the mercury at the various temperatures is measured against 
the glass scale. A nitrogen-filled mercury thermometer will read tem- 
peratures to 550° C. (1022° F.) ; such instruments are made of special, 
hard glass, which fuses only at still higher temperatures. 

The application of the hand is also a practical method for judging 
moderate temperatures. 

Thermocouples are used over practically all ranges of temperatures 
from that of liquid air ( — 190° C., — 310° F.), to 1400° C. (2552° F-)^ 
which is the heat of a coal fire under forced draft. For temperatures 
between 500° C. (932° F.) and 1000° C. (1832° F.), resistance pyrom- 
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eters^ especially platininn oiios, arc valuable. For teini^cratures above 
1000^^ C., in addilioii lo thermocouples, radiation ] )yroniei:.ers, opticul 
P3’ronie(:ers, and Sti^'cr c;ones arc used in industrial i)lants. Tlieso instru- 
ments may each be used over wider limits than indicated. Tlic clioico 
of instrument will depend not only upon its si:>ccial adaptability for the 
teniperature range to be studied, but also upon the danger of deteriora- 
tion if immersion in a fused chemical for instance is required; the radia- 
tion and optical pyrometers would then be i:n*ef erred as they have the 
advantage of being operated at a distance from the furnace or liot object. 

A single observation may be required once in a while, or regular 
observations at stated intervals, or constant readings; the latter are now 
made from charts marked by recording x^yrometers, on wliich not only 
the high and low points a].)pcar, but the temperature at every moment. 

Thermocouples. When two dissimilar metal wires are joined in two 
places and one junction is heated while the other one remains cold, an 
electromotive force is set up in the system wliicli is a function of the 
temperature at the hot jimctiou, providc‘d the cold juuci,ioii remains at 
an even temperature. (>SVy^ Fig. 248.) Such i^airs of wires a.re chosen 


A 



1^'* r f i.; itn 24 S . — ij i ^r:i ininati c*. 
skc4,ch of a (.hoi’ruoc'oiinlo 
widi iriillix'oltrnrt.f'T. 


as w’ill remain unaltered at the tcmiooriiturcs to bo measured, and if 
several pairs are suitable, that pair is selected \vhic*li gives the greatest, 
increase in electromotive force for each degree rise; a third criterion, and 
not the least important, is the cost of the metals. 

The electromotive force is measured on a millivoltmctcr which may 
be graduated in millivolts, or directly in degrees; if in millivolts, the 
degree corresponding to eacli i*eading is read off on a cl i art, on which the 
temperatures arc entered as abscissae, the inillovolts as ordinates; for 
each thermocouple a separate chart is made by reading the electromotive 
force set up in two or more baths, or regions, of known tcmi.)cratures ; 
if graduated in degrees, a certain voltmeter must be used fo 2 - a desig- 
nated thermocouple, and the reading is direct. 

The instrument in its simplest form is portable, and consists of the 
fire-end, which is the therm ocouxole proper, sheathed in an iron or x^orcelain 
protecting tube; tw'o copper leads, and the millivoltmctcr. 

The electromotive force may also be measured by means of a portable 
potentiometer, in which the electromotive force set up in the thermo- 
couple is matched by an oppositely directed electromotive force until a 
galvanometer needle shows zero current. Dry cells may be used for the 
matching current, and compared daily to a standard cell, such as the 

® With high or low . interixal resistance ; the high internal resistance type has the advantage 
that even considerable variation in tlie leads has no effect on the reading. 
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Weston. Tlic potoiitioniotcr sytstcni for Llicrmocxjuplc currents ivS coming; 
into increased favor; it is a little more complex than the millivoltmetcr 
method, but no more than the platinum resistance pyrometer. It con- 
sists of the rire-cnd, the tlicrmc)cou]')le prc')pcr, the copper leads, and the 
potentiometer box containing; a cell, slide wire, and zero point galva- 
nometer. The length of the drum-wound slide wire turned into the circuit 
is the measure of the inalohing current. 

For precision work, in the laboratory, the cold 5 unction which is here 
the binding post at the exit of the wires from the fire-end, is placed in 
an ice bath; in the plant, tlie temperature of the room is constant enougli. 
The greater tlic diffca'ence in tlie tomperatnres cd' the two junctions, the 
less docs it matter whcdliei" the room temperature is constant or varies 
somewhat; hence in this rc'spect, high temperatures will be more accu- 
rately read. 

The following pairs are suilabki fur the tc^inperaturcs listed opposite 
them : 


Co])pcr — constiiuOin rotiiu (.tMiiperiitui-e up t o 500° Ct 

Silver — constantan “ 700° C. 

Ii-on— Constanta 11 “ 1000° 

Cliromol — ahinicil “ “ ‘‘ “ 1000° C.^I. 

ri.T; I 7 n -- pl:;-iTV.!:a H HV/o rhcxliuiu alloy “ n u 1400° C". 

*■ “ for short ]joL‘io(ls 1 o 1500° O. 

Constantan ‘ contains (>() pea* ccait cofipcr and 40 [ler cent nickel; 
chromcl, 90 [)er cent nic*kc4 and 10 jxa* cent cc'>pper; alumed, 98 per cent 
nickel and 2 per cc'iit cioppen*. The alloy pla.tininii-iri<.liuin is also used 
instead of platinum-rhodium. 

The relative sensitivity is indicated l^y the figures in the table below: 


Co])por — consl.anian 

8ilvc'r — c’.oiistanl.aii 

Iron. — constant an 

CUiromol — alurnol 

Platinnin — plLitinuin ■{ rh(Hlinin alloy 


, E.iii.f. ill Millivtjlls ^ 

aL 500° C. at 1500° C. 

. 27.8 

. 27.6 


26.7 


20 .S 


4.4 


15.1 


Resistance Pyrometer. The resistance of a coil of i^latinum varies 
with the tciniiorature ; this property is the principle of the resistance 
pyrometer. The coil is made one of the four arms of a Wheatstone 
bridge; a slide- wire, drum- wound, is adjusted so that the needle of a 
galvanometer sliows no deflection; the length of wire needed for this 
adjustment is the measure of the temperature. The reading is direct, 
as the scale is graduated in degrees. The arrangement is showm in 
Figure 249. 

The complete instrument consists of the firc-end, copper leads, a box 
containing a zero i>oint galvanometer, a small dry battery, two resist- 
ances, and the slide wii'e wound on a drum forming itself the third 
resistance. The 13 re-end is usually an iron pipe closed at one end; at 

* So xmmccl because its electrical resistance is practically constant over a. wide range of 
temperatures , 
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its closed extremity, a small coil of platinum wire, wound on a mica 
frame in such a way that it can never touch the casing, is placed; the 
two ends of the wire are led out of the tube to binding posts at the open 
end; the wires are insulated from each other and from the casing by 
clay pipe-stem sections. The leads are long enough so that the box may 
be placed at a distance, on a convenient shelf against the wall. 



Figure 249. — The platinum rnsistanee 
pyrometer. A is the fire-end, 
formini? arm a of a Wheatstone 
bridge ; 3 is the drum-wound 

slide-wire, forming arm h ; c and 
d are the other two arms, which 
consist of fixed resistances; G is 
the zero galvanometer ; 7) is the 

dry cell used for intermittent 
readings. 


To make a reading a key is depressed to send a current through the 
system; at the same time the knob on the drum is turned until the gal- 
vanometer needle is at zero; the reading is directly in degrees. 

In many cases the fire-end is fixed in the region to be measured and is 
not removed, although the -whole instrument is portable. Readings are 
taken at stated intervals and entered on a sheet; correction of the fire 
is made at once. 

The platinum resistance pyrometer is not as rugged as the thermo- 
couple; it is also slow’er in response. If it is fixed in the region to be 
measured and not removed except for shutdowns ; it is a reliable instru- 
ment and wdll give many years service. It is best suited for tem- 
peratures below 900° C.; for instance for the mechanical salt-cake fur- 
naces, it has proved itself well adapted. 

Radiation Pyrometer. The radiation pyrometer receives heat radia- 
tions from the furnace or hot body through a telescopic tube bearing at its 
farther end a concave mirror; just in front of the mirror and at its focus, 
a small thermocouple junction is located; the heat rays warm the junction, 
producing a current which is measured by means of a millivoltmeter 
graduated usually in degrees. The telescopic tube is set up on a tripod 
three feet from the door of the furnace for instance ; by means of a finder 
integral with the tube, the latter is directed so that the heat rays will 
pass from the furnace bed along the tube to the mirror within; the 
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deflection is observed until it reaches a maximum which is the tempera- 
ture sought. For comparative measurements, a line is painted on the 
floor, and the tripod is set exactly over this line for every reading; for 
absolute values, the instrument is calibrated by comparing it with a 
platinum resistance pyrometer in a small experimental furnace, gas or 
electric. With a door one foot square, the mirror must be within ten 
feet from the door; it may be as much nearer as convenient; the rule is 
that the distance must not exceed ten times the diameter of the object 
or region measured. 

The radiation x^yi’ometor is x)ortable, and, like the other types, may 
be mounted in a fixed position; when portable, it consists of the telc- 
scojoic tube, the trix^od, the millivoltiuctcr, and coi^l^cr leads. {See 
Fig. 250.) 

The readings (^f the radiation are reliable as absolute 

values only wdicn a true '^"black bod^^” •'* is observed; as this is rarely 
possible, errors due to i^ariaal absorx)tion and imx)erfcct radiation exist. 
For relative values at the same door of the same furnace, it is relia})le. 
Furthermore it is our only means of estimating temi>eraturcs higluu' than 
the melting xn)int of xdaiinum. 



Optical Fyrometer-*^ The ox:)tical pyrometer shares vrith the radiation 
pyrometer the great advantage of not requiring introduction into the 
bath or region to be measured. The inner wall of a windo\v-glass melting 
pot, for instance, is sighted through the instrument; in the field of vision 
a platinum loop is placed. The loop may be heated to dull red, bright 

5 A ''black body'' absorbs all incident radiations, transmits none, and itself radiates as fast 
as it absorbs. 

® Optical pyrometers are radiation pyrometca's' limited to visible radiations. 
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red, or white, by sending a varying quantity of current from a dry cell 
through it. _ Just so much current is sent through as needed for exact 
matching of the field, when the wire loop cannot be seen at all; a little 
more current and the loop appears, and is whiter than the field; a little 


too 

dark. 


Ficiinti: 251. — Ar)r)Garance of 
field when adjusLin^; the 
curient throuj>h tlie lam]) 
filainont to ciaiuso the latU.'r 
to with tho iiiuiTC of 

tho hot object, in Hk' opti- 
cal ])yroinetor. (Ck)iirtefcjy of 
Footls and N'orthrnp Coiri- 
]jany, Philadelphia, Pa.) 


Correct. 


less and it appears again, but darker than tho field. The reading for a 
perfect match is readily duplicated by different observers to within 
4° C. near 1400° C. 

The complete apparatus consists of tlio sighting tube containing 
T+ ^ lamp, a storage battery, a rheostat, and a milliainmeter. 

ite field of usefulness lies from temperatures corresponding to dull red, 
about 600 C., to temperatures higher than correspond to white heat. 
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Instruments procMircd from the doalors are ready for usOj and are 
usually put into scrvi<*c^ without, rurtlKu* testing;. Should any doubt arise 
as to the correctness of the i‘eadin»‘, the. insti-uiuenb nuw ])e sent to the 
Bureau of Standards at AVashington, for certification. The standardiza- 
tion may bo done in the laboratory of the plant if enough time is allowed 
to acquii‘e the necessary techniejue, for it is specialized work, and very 
misleading figures may be obtained. The fixed points recommended are: 


noint of Zinc 419® C. 

“ “ Ahiitiiiiuiu (557 

‘‘ Silvoi* 961 

CioUl 1063 

jSIick(a 1452 

“ ‘‘ *' 1549 


The most rcdiable nicdhod of testing a therinocouple for the gold 
melting point for instance, would bc'. to separate the wires at the fire-ond 
junction (hot junction) and i^huio a short piece of gold wire between 
them making good eku‘.l,rieal coiita(*(, ; the rest of the apparatus would be as 
usual. On heating the flrc^.-cuul slowly at a definite rate and watching 
the millivoltmeter, th(U*e will ocuair an interruption to the gradual rise 
of the needle and a suddem return to zero; the maxiiimin reading made will 
correspond to thci melting ]U)int of the gold. At least two such points 
are tested and the (*ur\u‘ drawn for tlu' int(‘nnediatc' t cun]H‘ratiirt‘s. 



The comparison of two different iiyroraetors is another way to stand- 
ardize; for instance, a radiation pyrenneter may be sighted on the firc-end 
of a i^latinum-platinuin rhodium thermocouple; or two thermocouples may 
be placed side by side. Sufricient time must be allowed for both instru- 
ments to reach their maximum reading, and the means of three trials is 
taken. 

Pyrometric Cones. Pyromctric cones, formerly called Seger cones, 
are really slender triangular pyramids and are made of mixtures with 
definite fusion points. {See Fig. 252.) They are used in groups of three, 
numbered for instance 9, 10, and 11, set close together in a small lumx^ 
of clay; the group is pushed into a porcelain kiln, as example, within 
range of a peep-hole. The Jfiring will be increased until INTo. 9 melts and 
bends over completely, No. 10 softens enough to have its tip leaning over; 
No. 11 is still erect. If the firing is now maintained constant, or decreased, 
so that No. 11 remains unaffected, the maximum temperature which has 
been reached is that corresponding to No. 10, namely, 1305^ C.; that 
corresponding to No. 9 has been exceeded, 1285° C., while that tempera- 
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ature corresponding to No. 11 has not been readied, 1325° C. It may be 
said that the ternpei^ature reached is deterniined to within 20° C.; this is 
not quite certain, but the observation of the cone may be made finer in 
this way: It is observed that the upper half of the cone leans over, the 
lower half is erect; that point is taken to be exactly 1305° C.; if only the 
upper third leans over, the temperature is about 1295° C. ; if the lower 
half has started to lean over, the temperature is about 1315° C.; hence the 
accuracy may easily be said to be wdthin 10° C. By making intermediate 
cones, the limit may be narrowed to 5° C. and less; the commercially 
obtained cones, are made for 10° to 20° C. intervals, as that is close 
enough for ordinary operation in many industries. They are inexpen- 
sive, wdiich is essential, as they are used but once. 

For the range 1160° to 1810° C. Nos. 1 to 36 arc made, leaving a dif- 
ference of 10° to 20° between any two; the materials are feldspar, marble, 
quartz, and kaolin in varying proportions; No. 1 has 83 per cent feld- 
spar, and only a trace of kaolin; whereas No. 36 has no feldspar, and 
all kaolin. The most widely used cones are Nos. 1 to 12, 1160° C. to 
1335° C. Anotlier series of ten numbers registers over a range of 895° C. 
to 1145° C-; aiid still another between 605° to 875° C. (Chapter 10). 

Potteries are the j^lants in which Seger cones were chiefly in use; 
they still are, but of late the recording thermocouple pyrometer has 
been introduced. The cones will continue in use, however, where the 
accuracy of the temperature indication which they give is sufficient for 
the control of the operation. If a fluctuation of 20° C. does not matter, 
it is a vraste of effort to make measurements within 4° C. The Seger 
cones suffer as all indicating instruments do, from the fact that they do 
not give information on how long a certain temx>erature was main- 
tained; this is done only by the recording x^yrometers. 

Thermal Conductivity Cell for Gases. Supplementing chemical 
methods for gas analy’-sis, the thermal conductivity of gases has been 
made the basis of a method of analysis^; heat enters the gas through 
platinum spirals wdiich receive a measured current. The heat conduc- 
tivity values which" follow will indicate the applicability^ of the cell: 


Air 1.00 

Hydrogen. . . L 7.35 

Carbon' dioxide 0.58 

Sulfur dioxide 0.41 


Ammonia 0.81 

Methanol gas 1.31 

ISTitrogen 1.00 

Oxygen 1 .00 


The cell for thermal analysis of carbon dioxide containing gases as 
manufactured by the Brown Instrument Company, may be taken as an 
example. Two gas wells are provided, through one of which (O in 
Figure 253) , a portion of the gas to be analyzed is continuously bled, 
while the other (P) contains the comparison gas, air. In each cell there 
are 4 filaments (one is not shown in figure) ; each pair forms one arm of 
a TV^heatstone bridge, hence two arms per cell, four arms for the tvro 


^ As to analysis of gases, read ‘*New forms of gas analysis apparatus," G. 
H/Tiff. CHerrt., 4, 297 (1912). The simple Orsat apparatus is described in Chapter 12 
- s “Electrical gas analysis for continuous processing,” A. C. ^hmid, Cherrv. 
2o0 


A. Burrell, Ind. 
Met. Eng., 36, 
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cells. A given current is passed through all filaments, heating them. 
Depending upon the thermal conductivity of the gas, heat leaks out to 
the metallic enclosing pipe, more or less fast. In the case of CO2, it 
leaks out less fast than for air. As a result, the filaments in O are hotter. 


Figure 2o3, — Cell for thc'rincil-oloct ric 
anal.ytriH of u ft’iis containiiij^ car- 
bon dioxide; see text,. (Cc')ni*l.o.sy 
of the Hrown InsLiainient Com- 
pany, Philadcli)hia, Pa.) 



their resistance is greater; the bridge is unbalanced. A different current 
is then able to flow, and this actuates indicating and recording devices. 
A change in the composition of the gas is recorded in less than a minute. 

In the JEtanarej: analyser ^ which depends upon the density of the gases 
for its action, there are two chambers, each with a driven impeller which 
drives t ie gas forward; and each with a fan wheel which receives the 
driven gas. Suitable outlets are provided for the gases. The impeller in 
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chamber A runs clockwise. The fan wheel tends to rotate in obedience to 
the impulse from the gas. It cannot rotate, however, because it is con- 
nected by an outside rod to the fan wheel in the lower chamber; here' 
the arrangement is the same, but the direction of the driven imioellcr is 
counter-clockwise; hence, the impulse on the wheel in chamber B is 
opposite to that in A. The same belt drives the two impellers. The 
rod which connects them registei's the differential torque of the two fan 
wheels. If the gas in A is of the same density as that in B, the torque 
on wheel A will be equal and opposite the torque on wheel B, for the 
velocity given the gases arc the same, and their densities do not differ. 
If the density of the gases differ, tlie torque differs, and there will be a 
movement of the rod toward one of them, away from the neutral position. 
This movement is magnified by means of levers and is transferred to a 
needle which travels over a scale. 

The B.anarex was devised primarily for flue gas analyses; the density 
of carbon dioxide is very different from that of air (as 44 is to 28.81 
and a small percentage, more or less, has an elfect on the torque of the 
wheels, one running on air. For ammonia-air mixture, it has lieen eciually 
successful; here again the difference in densities is considerable (as 17 is 
to 28.8) . For ammonia, the chambers arc kept dehydrated by sulfuric 
acid; for flue gas, they are kept hydrated by water 


Air Coxnri'ioisrijsro 

In many industries, such as paper, textiles, printing, it is necessary to 
I'cgulate the amount of moisture contained in the air of the factory 
rooms, for only by maintaining a certain humidity^, at a given temperature, 
can the moisture-susceptible properties of the products be controlled. The 
‘fl-clativo humidity” of the air is the ratio of water vapor actually con- 
tained in it to the maximum amount it may contain at that tcmjie.rature. 
This latter would be saturated air, whose relative humidity would be 100. 
It is important that the temperature at which a particular relative 
humidity is to be provided, be stated, for the same relative humidity 
at different temperatures stJinds for different ab.solute amounts of moisture. 
Thus, 40 relative humidity at 65° F. corresponds to 36 grains of moisture 
per pound of dry air, but 40 relative humidity at 85° F. corresponds to 
72 grains of moisture, per pound of air. 

The relative humidity is determined by means of two thermometers 
tied together ; one thermometer is left dry, the other is fitted with a 
wet cloth over its bulb. On placing these two thermometers, now termed 
^ psy chrome ter, in the air to be tested, the wet bulb thermometer will 
register a lower temioeraturc than the dry one. The differential will be 
greater the drier the air. From the temperatures, the relative humidity 
is read off on the chart (sec Fig. 254) , and applies to air at the tem- 
perature of the dry bulb thermometer. The absolute amount of moisture 
in grains, per pound of dry air, may also be found by means of the chart. 

The Pei'mutit Corapany, New York,. 
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With a. slinp; ]).syc]ir()n'iotor, tlic nocossai-y equilibrium ij^ attained in a 

minute. 

Air oonditionint^' nutans provddino; air with a definite, predetermined 
amount of water vapor, at a stated teinpc'.raturc. l^artial humidifica- 
tion moans the injection of atomized aii* in the I’ooms, in order to raise 
the moisture content. Complete humidification means cither lowering, 
or raising of the moisture content, as may be necessary. For the latter, 



Figure 254. — Psyclirometric chart, for determining the absolute and relative humid- 
ity in the air from wet and dry bulb thermometer readings. The curved lines 
are the relative humidities. 


as a rule, outside air is passed through a spray of circulated (and cooled) 
water at a low temperature ; the air becomes saturated w'^itli moisture at 
the temperature of the spray. This may involve a cooling, and a deposi- 
tion of water (dehumidification) . IsText the air passes baflfles in order 
to deposit entrained droplets, and finally over steam coils in order to 
raise it to the temperature prescribed. There are many variations in 
procedure. In all, a fan pulls in the new air, and delivers it to the ducts 
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leading to the various rooms. Refrigeration and silica gel have 
used for dehumidification. 

The Cottrell electrical precipitator (described in chapter 43) has been 
applied to air conditioning. Its special efficacy is the removal of suspended 
solid particles below 5 microns in diameter, which are frequently of 
bacterial nature, and which escape the ordinary dry filter. The Westing- 
house Electric and Manufacturing Company is about to announce (March 
1937) a commercial Cottrell unit suitable for the home. The unit will 
follow the dry filter. The charged particles will pass between plates with 
a voltage gradient of about 1400 volts per inch. All danger of ozone or 
nitric oxide formation is avoided by lowering the voltage to 15 000 from 
the original 60,000. 


Measurement of the Flow of Gases 

The measurement of the flow’- of a gas is a frequent operation; the 
quantity of a waste gas, sent up a chimney for instance, may be sought 
because of a certain content of a valuable gas or vapor; if the volume 
of gas passing out is known, an analysis giving the percentage by volume 
of the valuable gas is all that is needed to make the calculation as to how 
much is lost per day. 



FiauRE 255. — A brass Pitot tube. A 
and B ai-e connected to a vortical 
IZ-tube as indicated ; for low 
velocities, the inclined manometer 
shown here is used. 


The Fitot tube and the Venturi tube both measure velocity per second, 
and this multiplied by the area of the pipe gives cubic feet per second. 
An occasional measurement for which no installation has been provided 
IS made by means of the Pitot tube; the Ventui'i tube is built into the 
line, and all the gas passes through it at all times. 

Gas flow meters for small rates of flow may be constructed in the 
laboratory, and of glass.® 

Pitot Tube. The Pitot tube is a double tube, as indicated in 
Figure 255. One opening, facing upstream, receives velocity head and 
static head combined; a rubber tube transfers this double pressure to 
one leg of a C7-tube. Two small pin-hole openings permit the static 
pressure to pass through the outer chamber through a rubber connection 

® Ind. Chem, JEriij., 11, 623 (1919). 
lo The static liead is tlie absolute pressure in the pipe. 
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to the other leg of the C7-tube; in this way, the static pressure is elim- 
inated in the reading; tlie difference in levels in the two legs of the 
rZ-tube is due to velocity pressure alone. The C7-tube is filled with ether, 
or thin oil^ or some other chosen liciuid; for low velocities, the lightest 
liquid is used, cdhcr, in order to obtain as large a reading as possible. 
The accuracy of the reading is increased by ten by inclining the t7-tube 
to near horizontal i:)Osition, on slope of 10 to 1 ; this form is known as the 
Swan manometer. AVith the eight exp ressed in terms of a vertical 
column of water, the formula v = \/2gh is used, usually with a factor 
of 0.9 to allow for the dragging effect of the pipe walls. 

Venturi Tube. If the normal diameter of a pipe be narrowed to 
foian a throat, then flared out again to the original size, another means 
is provided to measure velocity. The relation between the diameters 
and the lengtli of the constricted portions is ai>proximately as indicated 
in Figure 250. The pressure at the throat will be lower than in tlie 



Ficijiie 256, — VoiKuri t.iibo foi- moasiirinii; 1ho flow of "iisos ; a sinall 
is soldorocl to tln^ 4-iii<*h thi’c^at, anothcM* at F. and oonnet*lc‘cl to a 


full-sized pipe, if a gas is traveling through, and tlie difference between 
the two pressures, measured on a fZ-tube as before, is jiroportional to 
the velocity. In chemical plants, it is customary to standardize each 
A^enturi tube by sending known volumes of air at various temperatures 
through it, and recording the readings. The theory is essentially the 
same as for the Pitot tube. 

The Venturi tube may be vertical or horizontal, of lead or cast iron; 
the liquid in the C/-tube is usually w^ater, sometimes concentrated sulfuric 
acid, rarely mercury. 

In the Thomas meter, essentially an electrical thermometer, a meas- 
ured quantity of heat is furnished a traveling gas at a given point in 
the conduit; the increase in the temperature of the gas is inversely pro- 
portional to the quantity passing through per second; the more gas passes, 
the smaller the rise in temperature. A modern form of this valuable 
device is illustrated in Chapter 14. 

In an orifice flow meter (see Fig. 257), a disk is inserted in a pipe 
which stops the flow of the gas except for a small circular opening at 
its center. This impediment in the path of the flowing gas causes a 
difference in the pressure, "which is higher just before it, and low'er just 
behind- The pressure difference may be read hydrostatically, or a more 
elaborate device may record the changes in pressure, hence the flow, by 
various means. In the Brown Electric Flow IVCeter, the pressure acts 
on a reservoir of mercury, causing more or less mercury to pass to the 
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float chamber, which in turn causes a stainless steel float carrying a 
ma< 4 ‘netic armature on a non-metallic nicdcol-chroiniuni rod to move up 
and down. Tlie steam iuid floiit ai*c enclosed in a iion-ma^-ncjtic ferrous 
alloy tube. Over the outside of this tube a div'idod indiu'.tancc coil fits. 
Auxiliary electrical apparatus i)asscs more or less eui'rent, as the divided 
inductance coil is affected more or less by the inag;netic arniiiture within 
the closed tube. The auxiliary apparatus includes indicating and record- 
ing devices. 



Figure 257, — An orifice electric flow meter, indicatinj^- and 
i-ecordin«:. (Courtesy of tlic Jirowii Instruinenf Conii)iiuv, 
Philadelphia, Pa.) 


The Rotameter is a flow meter for liquids. It consists essentially 
of a tax^ered tube flaring ui^ward, tlirougli which the liquid travels in 
an ux'^ward direction. A tox^-sliaped rotor is lolaccd in the tube, which 
may be Pyrex Glass, and is lield in susi^ension by the ux^ward flow of tlic 
liquid. The faster the flow, the higher must the rotor be carried, in order to 
allow the flow x'3ast its circumference. The height is read on a millimeter 
scale, and is standardized for volume flow. 

Electrometric Meti-tods TjSt Platnt Operatioxt 

In a number of industries^ the control of the acidity, or in more gen- 
eral terms, of the concentration of hydrogen ions, is of great imx)or- 
tance for uniform production. A number of devices for the electrometric 
determination of this value have been successfully introduced.^^ The 
develox^ment of such methods for laboratory use, that is, chiefly analy- 
sis,^- had to precede, and this has been in progress for the last fifteen 
years or so. Two main divisions may be observed. 

The first is a conductivity group, in which a measurement depends 
upon the conductivity of a solution to the electrical current, whether that 
conductivity be due to activity, alkalinity, or to salts. If it is known 
that salts are absent, and that only one certain acid can be the cause of 
the conductivity, this method can be used for the control of acidity. 

11 ''Progress of electrometric control methods in industry,” Henry C. Parker, Jnd. Eng. Chem., 
19, 660 C1927). 

^ Oonsult ‘*The determination of hydrogen ions,” Wm. M. Clark, published 1928 by Williams 
and Willcins Co., Baltimore; also the chapter on ”El€*ctrometric methods in analytical chcanistry,” 
by NT. H. Fuiman, pages 823-863 in Vol- 2 of “Treatise on physical chemistry,” H. S. Taylor, 
New. York, X). Van Nostrand. Co., 1925. 
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The second ^roup is the potcntiomctric group, applied chicfi\^ to the 
determination of hydrogen-ion concentration in a solution. Its superi- 
ority over any other method lies in the fact that it is applicable even in 
the presence of salts, and to colored solutions which would prevent the 
use of indicators. The method rests upon the measurement of the poten- 
tial of a primary cell made up of two halves, one the hydrogen half, 
the other the calomel half, a saturated solution of calomel in contact 
with a potassium chloride solution. Such a cell generates a small cur- 
rent of a definite i:>otcntial (voltage) if the solution in which the hydro- 
gen electrode rests is normal. The calomel half-cell remains constant. 
By hydrogen electrode is meant a platinized platinum rod or plate over 
which bubbles of hydrogen pass at the rate of three a second, or similar 
rates. If the concentration of the acid solution is varied, the potential 
of this composite cell will also vary, and the variation will be directly 
l^roportional to the change in concentration. Hence this provides a 
means of following changes in the concentration of the hydrogen ions ; 
with the addition of electrically controlled mechanisms, correcting solu- 
tions may automatically be introduced. The potential is measured by 
matching it with a second potential in the opposite direction from an 
outside source, lowered or raised by the introduction or removal of resist- 
ance, until a galvanometer between the two circuits indicates no flow. The 
amount of the resistance introduced or removed is the real measure of 
the potential change. 

The industrial cell may employ the hydrogen electrode, or this may 
be replaced by the tungsten or pyrolusito electrode or other non-gas 
electrodes. A rugged ceil entirely protected by a Bakelite sleeve, wdth 
all the necessary apparatus transportable, is described in the literature.^’* 

The electrometric methods of the first class, depending on conduc- 
tivity, and measured and applied to control by means of a Wheatstone 
bridge with auxiliary apparatus, serve to detect leakage in surface con- 
densers in power plants. The condensed water is pure and does not 
conduct the current, hut if any cooling winter enters through a newly 
develoi:)cd hole, let us say it is sea water, the contaminatecl condensed 
water will at once allow the current to pass; by means of auxiliary 
mechanism, a red light will appear announcing the leak. 

Control by means of the measurement of the potential due to hydro- 
gen-ion concentration has been applied to the automatic addition of 
caustic soda and sodium phosphate to boiler feed water which is acid, 
to maintain the proper acidity in a neutralizing bath for alkali cotton, 
and to several other industrial problemsd^ Temperature must always be 
taken into consideration. 

A recent development for the rapid determination of carbon in a molten 
steel while it is in the furnace, open hearth or electric, is the Carbometer,^^^ 

^ That is, "current-producing cell," in distinction from the electrolytic or “current-consuming 
cell." 

Ind. Bng, Chem., 17, 639 and 737 C1925>. 

IS Ind. Eng. Chent., 19, 660 (1927). 

Carbometer, patent of Malmberg-Holstrom, manufactured by Aktiebolaget Alpha, Sund- 
bykerg (near Stockholm), Swedent. 
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a Swedish instrument which utilizes the degree of magnetic induction 
which can be imparted to a test sample of steel ; the magnetic induction 
varies with the carbon content. A ^-inch rod is cast from the spoon 
sample^ quenched, and placed in one of tw^o funnel-shaped vertical 
receivers in the carborneter; one slot is for hardened steel (over 0.40 per 
cent C.) , the other for unhardened steel. Turning a knob starts the clock- 
work wdiich drives an armature; the test piece is magnetized. When the 
armature stops rotating (clicks), pressing a button allows the final rota- 
tion of the armature from the highest magnetic field strength position 
through 90°, to the lower field strength, inducing a current of electricity 
in the coil surrounding the test sample. This current is measured on a 
ballistic galvanometer, shunted in automatically when the armature 
reaches its final position. The needle reading is translated into carbon 
percentages by means of a chart, read to within 1 point (0.01 per cent C.). 
Charts are made at the plant for the types of steel manufactured, inasmuch 
as other metals alter the magnetic induction. The readings are checked 
against laboratory analyses. 

The refractometcr is a useful instrument of control. Tor example, 
in the process of hardening vegetable and animal oils to fats, the prog- 
ress of the hydrogenation may be followed by the change in refractive 
index. A few drops on the sx:)lit prism of an Abbe refractometcr, with 
water circulation to give a definite temperature, i:)ermit a reading in a 
few seconds. 

An automatic sampling device, for sampling wood chips, or any 
material from a spout, to a conveyor, for example, has been described.^® 

Unit Operation. In 1915, T)r. Arthur T). kittle observed that '"any 
chemical process may be resolved into a co-ordinate series of unit opera- 
tions, as pulverizing, drying, roasting, crystallizing, filtering, evaporation, 
electrolyzing, and others.’^ This suggestion has become pkxrt of the sys- 
tem of chemical engineering study. Other unit operations arc agitation 
and mixing, fractional distillation. The process of making caustic soda 
by causticizing soda ash wnth lime is divided into four unit operations: 
lime slaking, causticizing, caustic liquor decantation, lime mud washing. 

Other Pate>,"ts 

U. S. Patent 2,020,588. fluid flowmeter; 2,021,615, liquid level indicator; 2,012,616, 
method and apparatus for introduemf:^ rea< 2 ;ents into liquid s\ispensions ; 2,022,695^ 
controlling flow of volumes of liquids; on pyrometers and thermocouples, 1.890,701; 
1,808,507; 1,820,219, optical; 1,825,229, and 1,788,849, same; 1.845,271, thermocouple; 
1,849,832, thermocouple for hi^h temperatures, with a carbon and a tungsten ele- 
ment; 1,823,706, same, but tantalum carbide and graphite elements, 

PrOBLETVIS 

1. The outside air is 40° F. and 30 relative humidity. This air is moved into 
the building, gradually warming to 76° F., with no gain or loss of heat. What is 
the relative humidity for such air in the building, and what would the psychrometer 
readings be? 

Chem. Met. Eng., 37, 350 (1930). 

IT "Unit processes and principles of chemical engineering,*’ J. C. Olsen, York, D. Van 

rNostranci Co., 1932. See also final reference under “ILeading Refei'ences.” 
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Answer: 9 relativ^o humidity; 76° F. <liy bulb; 49° F. wet bulb. 

2. Starling- will} any uir, iunv would you I'urnish a room with air at 72° F. and 

50 relative humidity? ^ ._o 

Answer: C'ool^ or warm to al.o F. arul salui-alu with Ild.) at that temperature, 
then warm to 72° F. 

3. A slin»- psychroiiudcu* ^ivorf roadinj^s: wet bulb, 60 F.; dry bulb, 7S° F. 

What is the relative liuiiiidity? ddiits air is conipUdely dessicated and then warmed 
to 78° F. again.. What is its relative humidity, and what are the wet and dry bulb 

readings? 

4. For a comparison of heat oftects, the following purely theoretical comparison 
should be made: Air at S0° F. and relative humidity SO, at the rate of 10,000 
cu. ft. per minute, i^asscs over a water surface; it takes up more moisture until 
saturated. How much water in ])oi.inds i.)or ymund of air are taken up, and how 
many Btu. does their vaporisation represent? 

To cool this air to 55° F. means the removal of how many Btu., equivalent to 
the vai^orizatioii of how many ])ounds of water? If the heat consumed in the 
vaporization in the first ])art of tlu^ problem is not sufficient, how many pounds 
of water at 55° F. will l:>o rtHpiirt'd t,o rtunovai the remaining Bin. by contact, with- 
out vapor exchange'? 

Take the mean spc'cilic lu'at of Ihci air as is over the range specified as being 
0.01826 Btu. pea- cm. ft., and tlie hc'at, of vaporization for 1 pound of wmter over the 
same range as 1060 iftu. ; lakc^ 1 cu. ft. of the air as is t.o wcugh 0.0761 pound. 


Take the mean spc'cilic 
0.01826 Btu. pea- cm. ft., and 


same range 


1060 iftu. 


5. In reality, whc'U SO 
temperature will drop to wc't l.)ulb t.c'inpc.irat.urG, thc;^ loss of sensible heat being 
equal to the gain in latcuit hc'at of w'atc'i* vapcirized. The latent heat is the heat 
obtainable when water as gas liecomc's liquid w'atc'r. What is the wet bulb tc-un- 
perature which goc'.s with o\n* original datum? 

A pound of air at a dry-bull.) t.<'m})crat.uro of 80° F. and a wet-bulb temperature 
of 75° F. contains 124 grains of watc'r. When suc*h air iDassc's through a spriiy of 
water at the same tem])c'rat.urc, water w'ill be taken up. The dry-bulb teiii])era- 
ture will fall, but the wet-b\ilb tc'mperat.uro will rc'uuiin 75° F.. and the tlry-V.)ulb 
temperature will equal it. Thc' dew pennt, which is origiTuilly 73° F., will gradually 
rise to 75° F., ^vhc:^n saturation is rc'alizc^d. .How many grain.s oi water will it con- 
tain now, and what, is (ho gain? 

At ordinary temp ora turc', 1 grain of wat.or absorbed moans a lowering of about 
8.5° F. in tlm*^ dry -bulb t c'lnporat.'ure. 

6. An air-coiidit.ionc'd syst.em delivor.s to the space to be conditioned 20,000 
cu. ft. of air per minute at.‘ 65° F. dry bulb and 40 per cent relative humidity. Of 


F. air with 80 rc'lative humidity is cooled slightly. 


loss of sensible heat being 
The latent heat is the heat 
What is the wet l.>ulb tc-un- 


and a wet-bulb temperature 


i 75° F.. and the tlry-V.)ulb 
Tuilly 73° F., will gradually 
2;rain.s ol water will it con- 


and the total 
cu, ft. of air 


this air, 75 per c'c'nt is being rc'^circulat f'd. T)c^ terminer thc rc'frigeration effect, in 
tons, requirt>cl when the outsider air has 90° F. dry bulb, and 77° F. wet bulb, thc3 
return air has 75° F. wet bulb, and relative humidity of 34 per cent, and the total 
20,000 cu. ft. passes through a saturating air washer. Assume 13.G cu, ft. of air 
per pound. 

KTotk ; Tho stiiiuliird t.on is 200 Btii./iiiiiiute, or 12,000 Btu. /hour or 288,000 Btii./ 

clay. The value pt*r clay i.s the on(» pct‘neriilly used. A c'ouiplete psyeliroiiietnc. o.lmrt may he 
obtained from any lirrn which iiianuftKJturc^s blowers or stir conditioning eciuipment. I* or example, 
address the Buffalo Forg(^ C"!oiiip:iny, Huffah>, N". Y- 
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Of the long List of inctallzirgical procbiictSy pig iro7i and steel exceed 
in prodxiction xnany ih/ines that of any other metal. Some of the neiver 
products have received much advertising, necessarxj because of their 
netoness, hut tending to prodxcce a voroncj conception of their relative 
importance. Pig iron and steel are the giants, noxo more than forxnerly. 
Pig iron production figures are commonlxj tahen as an index of the gen- 
eral prosperity of a countrxj. It is a basic indzcstry, serving many others. 


Chapter 47 
Pig Iron* 


The m anil far* ture of iiip; iron is on an enormous scale, as tlic f’ci^ures in 
Table 75 will indicate. 


Tapi.e 75. — Wui'hl P rod'ticiioti of Pig Iron. 


Cross ''rolls 

1929 1932 1935 

TJniled Stales 42,014.000 cS.7Sl.453 21.373.699 

Knpilancl 7,580,000 3,573.000 6.426.400 

C^crniiiny 13,401,000 3.932.026 12,342,415 

France 10,439,000 5,537,000 5.799,000 

World total 96,263,000 26,578.409 51,070,343 


The pi^ iron prcxhicdien (U. S.) has fluctuated widely in the jiast 
years; a high of 42,280 thousand long tons, in 1929, became a low" of 
8,686 thousand long tons in 1932, since w"hen the production has climbed 
steadily to 30,618 tliousaud long tons in 1936. 

The process in brief consists of heating an iron ore, an oxide, with 
coke in an upriglit furnace having continuous operation; hot air under 
pressure is inimpcd into the furnace at the base, and by causing the coke 
to burn, produces a high temiieraturc. The iron oxide is reduced to 
the metal which collects at the lowest spot, and is tapped off at intervals; 
the hot fluid iron unavoidably dissolves some carbon (3 per cent) . The 
solids added at the top are iron ore, coke, and limestone; the latter binds 
much of the silica present as impurity in the ore, and forms with it and 
other substances the slag, which also flo\vs to the bottom of the furnace. 
The liquid slag is lighter than the liquid iron and floats on it; it is 
tapped at frequent intervals through a special tap hole, further up than 
the iron tap hole. In nearly all cases, a mixture of several kinds of ores 
is preferred to a single one. 

The oxide richest in iron is magnetite, FcaO-i, w"ith 72.5 per cent Fe; 
it is found very pure in Sweden and in a few places along Lake Superior.^ 
"The next oxide, FcoO^, nearly as rich in iron (70 per cent Fc when abso- 
lutely pure) , is the most important one. It is the chief ore of the 
Minnesota deposits. 

* Based on studios of a Buffalo furnace, made with the assistance of T>r. Kenneth McAlpine, 
of Princeton University. 

^ IVEagnetite deposits occur also in New York, Penna, New Jersey, New IVfexico. 

* 757 
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Iron ore mined in United States in 1935 amounted to 30,540,252 s:ross 
tons, at 144 mines in 16 states; its value was close to 80 million dollars 
In Minnesota, 19.37 million tons were produced, in Michigan 5.2 in 
Alabama 3.27, in Pennsylvania, 1.0, the rest in smaller states' totals. 

As an example of American practice, the Fayal mine in northern 
Minnesota, about 60 miles from the lake shore (Two Harbors), and part 
of the Mesabi range deposit, will be briefly described. 

The Fayal mine is an open pit mine; the removal of about 20 feet 
of overburden discloses a vast body of red ore, most of it soft enough 
to work with a steam shovel. Various levels are worked, as the quality 
differs slightly; movable railroad tracks arc laid on inclines. The empty 
ore cars are pulled to the desired spot, where a steam shovel (or several) 
awaits them; the cars are loaded in a short time, without hand labor. 
A powerful locomotive pulls the cars up the incline and starts toward 
the lake port, Two Flarbors. The train passes at a slow rate ove]’ scales 
and the \vcight is read and recorded as the train moves. Py the time it 
reaches Two Plarbors, the chemical analysis of tlie loaded ore is finished 
and its exact grade determined; this ])crmits a train dispatcher to send 
the cars to certain pockets in a certain dock, there to be dumped with 
similar ore. The cars are dumped by pulling the level which opens the 
bottom. The ore boats are loaded in a siniiilc but rapid way. The ore 
pockets in the docks are elevated, so that b^^ lowering a chute and draw- 
ing a gate, the ore is served to the boat by gravity. On approaching, 
the lake boat Avhistles its requirements as to cpiality; a siren at the end 
of the central dock screeches back signals which tell the boat at which 
dock, and in front of which pockets in the dock, it should anclior. The 
boat pulls in with its hatches open, and while still being anchored, the 
chutes are low’ered and the ore rumbles into the boat. In thirty-nine 
minutes, it can be on its way out witli a load of 11,000 tons, (record in 
1909) . 

Table 76. — Actual Reserves of [not Ore ht the World (1026):^' 

(Major Deposits Only) 

III thoiisancls iif tons 


Unitod Suites 10,452,225 

France 8,164,350 

Brazil 7,000,000 

Great Britain 5,969,600 

India 3,326,110 

Cuba 3,159,000 

Sweden. 2,203,350 

U. S. S. R 2,056,850 

Spain 1,115,500 

Union of South Africa 1,095,135 

Total, World 57,811^923 


* “World iron ore reserves now exceed 57 billion tons/^ O. It. Ivnhn, ISiin, Mining J,, (July 17, 
1926). 

An extensive deposit of hematite containing generally some phos- 
phorus stretches from Hew York State to Alabama, and is mined in 
several of the States it traverses. 
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In order to maniifaetiirc pio* iron, coke is required as well as ore; in 
the order of tonnage of pig iron produced, the States are ^Pennsylvania, 
Ohio, Illinois, Indiana, Alabai:na. It will be noticed that the centers of 
production are those which have coal and coke, rather than ore, and it 
is a general rule that ^‘ore follows the fuel.” It is easier to transport 
the ore, without damaging it, than the bulky coke, which crumbles on 
handling; the primary ]')roduction district since coke has displaced char- 
coal and anthracite is Pittsburgh, where the Gonnellsvillc beehive coke 
is available. The Minnesota ore was transferred to railroad cars at 
near-by lake ports for the sliort haul to the Pittsburgh and Youngstown 
districts. 01 late ycai*s, more and more plants liavc been located at 
the lake ports, so that tlie oi*o boat might unload directly in the yard 
of the blast furnace plant (Buffalo, Cleveland, Detroit, Gary, Chicago). 
In Alabama (at Birmingham and other idaces) the ore and the coal 
are both found in the district, and in addition, suitable limestone beds; 
the pig iron mtide there is tlicreforc very low in cost. A less important 
center is Colorado. Still another agency is at work decentralizing the 
pig iron industry, nanudy the ])y-product coke o\^cn, which lias siii’idus 
coke suitable for ii'on-making for sale at low })rices. Along the x\tlantic 
seaboard (Baltimore, l^hihidelphia) oi'c frenn Cuba, even from Sweden, 
Elba, Spain, and Cdiilc, may be imported at reasonable cost, and with 
the aid of by-prodnet coke, i)ig iron manufactured.- 

In Iilngland, very pure orc^s free from phosiihorus arc mined; with 
the rich coal resources of Great Britain, tlie iron industiw has long 
flourished. France lias in the I.,()rraine dciiusits a large tonnage of low- 
grade (30 per cent Fe) ore whicdi contains phospliorus, Vnit also calcium 
carbonate, so that by skillful working a phosphorus-containing i)ig iron, 
suitable for the basic Bessemer iirocess for steel, can be made. The 
deposit is 30 miles long and 12 miles wide, and in its eastern part is 
mined at the surface. The greater part of the pig iron and steel produc- 
tion of France and Germany comes from this Eorrainc ore.^^ In Sweden, 
very pure iron is made with charcoal, from native ores; this pure product 
is still the basis of the cutlery manufacture of Sheffield. In southern 
Russia, iron is produced in considerable quantities. China has rich ore 
deposits, wdiilc her coal resources are second only to those of the United 
States; in the future, it is probable that the present plants (Hankow) 
will be extended and others crccted. 

Several representative analyses^ of iron ores arc given in Table 77; 
much of the Minnesota ore is low enough in phosphorus so that the pig 
iron made from it may be converted into steel in the acid Bessemer 

- Pa., is no(; too far from seaboard to use foreign ores, mixed with western Penn- 

sylvania ores. 

■'* A portion of tlio deposit lay in tlie part of Lorraine beld by the German empire during 1871 
to 1918; its importanee was unknown in 1871, for it was only after the English improvement of 
the Bessemer process, tlvo Thomas -Gilchrist basic lining, that the Lorraine ore could be made into 
good steel ; the effect is plain from the German production figures for steel : 1880, one-half million 
tons; 1913, 18 million tons. The following figures will indicate the quality of the ore for the Lor- 
raine district, more part.ic.ularly for the Lajidres basin, one of the 4 main divisions : Fe 40 % , CaO 
10%, SiOa 6%, AloOa 7%, P 0.65%. 

^ Cargo analyses for the season 192d« The IM- A. Uaniia Co., Buffalo and Cleveland. 
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q\-\BLK 

77 . — Mesa h i 

R a nr/c ( AI ini ic sola) . 



Snitiiblo for 
Acid 

Special 

Very J. 10 W 

]\rtinf2:anif- 

High 

Phosphorus 
Cnllofl “Hon- 


liessorncr 

Phosphorus 

crous 

I3es.somor“ 


Per Cent 

Per Cent 

Per Cen t 

Per Cent 

Ii’on, Fo 

. . 60.72 

63.12 

53.23 

61.37 

Phosphorus, P 

.039 

.017 

.036 

.083 

Silica, SiO- 

S.43 

7.45 

9.37 

3.94 

Man^iincse, Mii 

.22 

.09 

4.77 

.38 

Alumina, AbO.-j 

.54 

.46 

.72 

1.60 

kime, CaO 

.25 

.05 

-31 

.15 

Magnesia, MgO 

.14 

.09 

.13 

.13 

Sulfur, S 

.006 

.007 

.007 

.011 

Ifiinition loss (II-O) . . . 

3.91 

.95 

0.68 

5.SS 

^amc of ore 

. . La Hue 

Patrick 

Sliver 

Leaver 


converter; other sliipinents have enough i^hosplioriia to prochice a pig 
which must be handled in the basic open-hearth steel furnace. All 
analyses arc on samples dried at 212*^ 1*^., hence free from moisture. 

The ores from other ranges in the JMinncsota-JVIichigan deposits arc 
similar to the four shown in the table, and indicate the same wide 
variety. The price depends upon the iron and the phosphorus content. 
If the Ta Rue ore sells for $5.00 (or $4.00), the Rea,vcr may be $3.50 
(or $2.50) ; this is the usual range of normal prices. The general average 
for all ores in 1935 was $2.48; in 1934, $2.58. 


Tim Blast Furnack 

The blast furnace consists of a steel shell circular in cross-section, 
lined with hard fire-brick; the shell stands upright; the upper two-thirds 
or so flare out downward, while the lower third flares in. The purpose 
of the upiicr flare is to i^ormit the charge to slide down readily and fill 
any holes which might develop; with straight sides, it often happened 
that large cavities formed, so that after a while a sudden descent (a 
slip) took place, which at times proved disastrous. The lower flare in 
the opposite sense is required by the removal of the coke by combustion, 
and the running down of the melted iron, causing a great contraction. 
The bottom of the furnace is the hearth, where the liquid iron, overlaid 
by the liquid slag, collects. The charge in the furnace is called the 
“burden,^’ and is introduced at the top through a vestibule-like arrange- 
ment which prevents the escape of gases; the materials fall first onto 
an upper bell, which is depressed in order to allow the materials to 
drop into an intermediate chamber whose floor is formed by a second 
bell. "When the second bell is depressed, the charge enters the furnace; 
at such times, the upper bell is shut tight. This bell is also rotated, 
so that the charge is placed evenly over the surface of the furnace con- 
tent. The liquid iron and the liquid slag are removed periodically by 
tapping; the slag hole is formed by a water-cooled metal piece, situated 
above the iron hole; through the latter, the iron is allowed to find its 
way out. The taphole for iron is in brickwork. At the end of the 
tapping, the iron hole is closed by a plug of clay, applied by the ^^mud 
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o'lm ’’ witli a faRt-movinp; jnston which forcos the> clay into the liole. The 
^h-ic/ hole irf easily clost'd by a.n 'ivnu plii^ on a lon^ rod (the slag hole 
is tmly about, i;; 'iuolu's In diaiuoter.) 

Tlic air blast Tor the c'onibiist.iou of the coke enters through the bustle 
T:)ii .)0 a steel pipe 3 feet in dianieter lined with fire-bricks, beca.use the 
air is ax^plied very hot (average IGOO*^ F.) . The blast i;»asses from the 



Figukk 258. — ^Iron blast furnace and stoves, the Petrovsky plant 
at Dncijroi^etrovslv, Ukraine, U. S. S. P. (Py permission.) 


bustle pipe to the fui’nace through the tuyeres, y^diich are i^artly lined 
and partly water-cooled. Each tuyere has a sight hole and may be 
cleared by a rod if anything blocks it from the inside. 

The hottest part of the furnace is the lower part, where the tuyeres 
serve the blast; the constricted part just above the tuyeres, the portion 
of the furnace which flares in (downward) and which is called the 
^'bosh,” receives the blast first and furnishes intense combustion. 
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The weight of the upper i)art of the furnaec is carried by a number 
of coliunns (12 to 18) resting on an ela})orato foundation on wluoh tlie 
]>osli also rests. 

In order to xmesent a (lefinite exiiniple of bJast furnace practice, a 
furnace 92 feet liigh and 23 feet wide at tlie widest (inside) diameter 
will be described; such a furnace is rein'csented in Figure 259, showing 
the complete furnace with the ski]i lioist which lifts the cliarge to the 



FiraaiK 259. — Tlio blast 
fiiriiMco for iron, show- 
inj>; die furnace proper, 
widi 1, the Iiosh; 2, 
tin? ]i('iU‘di ; 3, the foun- 
dation ; 4, the' Vnistle 

])ipe and tiiyoros ; G, 
the doiiblf‘ ])f4I for in- 
1 rodiiciii<>; thci chai’so; 
7, Iho skip hoist; 8, 
].)la.1 foiari at toj.^ of fur- 
nace'. Tlio dotted circle 
uiidc'r the bell is the 
outlet for the "asos. 
The di.stance from S to 
the hearth line at 2 is 
92 feet. 


furnace top. In a second sketch (Fig. 260), a closer view’^ of the bustle 
pipe, tuyeres, slag hole, and bosh wall is given ; it will be noted that the 
bosh wall carries metal boxes which are water-cooled, thus lowering the 
temperature of the brickwork and rendering it more lasting. 
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47. 


Ore 


total 12,500 pounds 


The Solid Materials Fed to th.e Furnace- For tlic specific furnace 
chosen as example, the single charge weighs 23,700 pounds and consists of 

Richiiion<l oro 20001 

Oiunio oio 1200 

Cy.'U’V^c'n ten- ore' 3200 

Bcvksliivo oro 3200 

Hannii ore; 2900. 

ilrirtn^^d.tcs, from Hue; <hLst (r('co\Tn’e'<l ore)-. 1,500 

Ijiniostono 3.000 

Coke 6,700 

Such t\ charp;c is carricid V)y the skip hoist to the toj) of the furnace 
cverv 15 minutes during the 24 liours, with 2 periods left out, a total 


Figure 260. — tScnditni of the liosli 
wall in the blast furnace for 
iron, with 1, bvisllo pipe; 2, 
tuyere; 3, sijrht hok' ; 4, water- 
cooled metal V^oxes; 5, sla«; 
hole with Avatcr-coolcd metal 
lining. 
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of 94 chari^cs; total for the day, 2,227,800 pounds. Several skip-hoist 
buckets arc required for each cliar^e. The buckets arc sei’ved from an 
electric larry which runs under a number of bins arranged in a row 
over the narrow-gauge rails of the larry; each ore is in a separate bin, 
also limestone and coke. Tlic ore bins are filled from an overhead 
narrow-gauge electric railway wliicli runs up au incline from tlic lower 
level of the yard. The bins arc situated at one side of the ore piles, 
'while open water is at other side, giving the ore boat access. An over- 
head crane travels over the ore, and by means of a clam-shell bucket 
loads the narrow-gauge cars. (^nc of tlic bins contains the briquettes 
which are made from the ore dust recovered in the gas washer (men- 
tioned again later). Tlic coke is from an ad.pdning by-jiroduct plant, 
and is screened clean of dust and to egg size. The dumping of the skip- 
hoist car and the introduction into the furnace, will he clear from the 
illustration and from previous statements. 

The average consumption of ore per ton of ])ig iron made in 1935 "^vas 
1.70 tons, compared with 1.69 tons in 1934.^'^ 

The Blast. Large as the amount of solids may seem, the air intro- 
duced exceeds it in weight. Tlic air is pumped by two blowing engines, 
steam-driven, witli reciprocating jiarts; the air (‘vlinders arc 84 inches in 
diameter, the stroke is 60 inches, and the speed is 41 r.p.m. The total 
weight pumped per 24 hours is 3,660,000 pounds. This air is forced 
through one stove where its temperature is raised at first to 1800° F., 
then as time progresses, to a lower temperature, until at the end of an 
hour, the temperature is 144T°r.; tlic air is then turned into another 
stove, which in the meantime has been brought to the highest tempera- 
ture. Four-fifths of the weight of air sent to the furnace is nitrogen, and 
takes no part in the reaction. 

The Stoves. The stoves arc tall steel chambers, lined and filled with 
a cliecker-work of fire-bricks, in which blast-furnace gas is Inirned with 
cold air for 3 hours; the bricks gain in heat. The cold blast from the 
engines is passed through for 1 hour, and after that time the gas is 
again turned on and burned. Each stove is lieing lieatcd for 3 hours 
and gives up heat for a 1-hour period. If iSTo. 1 is heating the blast, 
ISTo. 2 is receiving its third hour’s heating, iSTo. 3 its second, jSTo. 4 its first; 
they never cool down to a temperature much below' 1440^ F. (782° C.). 
The stoves in the instance chosen have an internal downcome for the 
w^aste gases leading to a chimney, but in some constructions each stove 
is surmounted by a stack. It might be said also that instead of steam- 
driven blowing engines, gas-driven blowing engines with horizontal shafts 
have been very successfully ax:»i>lied. 

Reactions in the Blast Furnace. The essential reaction, which is 
undoubtedly the net result of several others, is 

IT. S- Bureau of NIinrs. 

® 'Without counting: out the two charges missed.. 

® These stoves are 22z feet in diameter Ccircular) and 94.^ feet high. 
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Fc^O:. 4- 3C = 2Fo 4 3CO. 

A ln.^'ge i>ai*t ol“ the coke merely Inivns 5ii Uic blast to CO, thus fiirnish'- 
iiig tiic main i)art oT the heat energy. It is A’ca*y likely tJiat free iron in 
the spongy form is first ftnaued and melts only later when it passes 
through the lower i:>art of the bosh; and it i*s also held that the first 
reduction is to a lower oxide, wliicli is tlicn later reduced to the iiietaTlic 
iron. The liquid iron contains carbon to the saturation point, in solu- 
tion, and some in combination. 

Tlie limestone loses carbon dioxide, iind t.lie lime formed reacts with 
part of the silica to foian calcium silicate: 

CaO 4- SiCb = C>aSiO„. 

No appreciable amount of iron silicate forms because the lime displaces 
the iron, thus preventing a loss of metallic product. 

Tlie phos])1iatc is p]*c^sent as calcium ]^lu)S])luite, and in ]:u’esence of 
silica, the freti phosi'jhoiais is li]>erate<l and dissolved Ijy the iron: 

2CaAPOd:i I ()Si<k 4 IOC =- GCaSiO:: 4 4i> H- lOCO. 

Silicon is formed from such silica as may reach the hottest region 
where tlio eomhinc^d action of ii-on and cai’bon rc‘<hico it to tlie free 
elements : 

SiO:^ 4- 2C -+ (Fo) = Si -} 2CO (Fe). 

Manganese is reduced 1)3’^ carbon at the high temperature of tlie 
bosh. JBotli silicon and manganese arc dissi>lved by tlie ii'on. Sulfur, 
partl^^ if not all from the coke, forms ferrous sulfide which is so heav\^ 
that it mixes with the iron layer, aiul not with the lighter slag la\"er. 

Tapping the Furnace. The furnace is t^iiij^ed for iron every 4 
hours. The iron hole is broken free of the dried cla^y and the molten 
iron flows out along a gutter in the sand; it jiasscs a small rougliK- made 
bridge with retaining box ; under the bridge the clear iron flows on ; over 
the bridge an^^ slag which was entangled in the metal flows off through 
a sidewise gutter. The clear metal reaches a brick-lined steel ladle 
capable of holding 70 tons of metal; 60 tons are drawn at one tap. Near 
the end of the tap, the blast is shut off, and -when the flow of metal 
becomes lazy, the clay plug is rammed into the hole. Operation is then 
resumed. 

The slag is tapj;)ccl every two hours, through its own hole, situated 
a quarter of a circle away" from the iron hole, as well as further up. 
The slag is run through a gutter in the floor to a large container on a 
fiat car and pulled to the dump heap, or to a near-by cement plant where 
it is granulated by cold water and used as one of the raw materials for 
making a Portland cement. 

The daily capacity for this furnace is 357.6 tons of pig iron, with 
the composition: 

The rated capacity of the 23 -foot diameter funvace is ftOO toils daily, reached whenev’-er 
business demands it. 



7G6 


INDUSTRIAI. CHEMISTEA^ 


Pe,r Cant 


Carbon 3.75 

Silicon 2.50 

Plioriplu^ru:^ 0.50 

Iron 92.00 


Casting the Molten Metal in Pigs. The ladle is tilted forward so 
that the metal is delivered to a box with two side ovitlets which divide 
the stream in two, and guide it to tlie little buckets of the two con- 
veyors of a pig-casting luacliine. The belt conveyors travel as one, 
upAvard, as they leave the dividing trough. The rate of travel and tlie 
rate of flow of the metal are so regulated that the buckets just fill. 
Previously the buckets are sprayed with lime dust so tliat the new metal 
will not stick. A spray of water is played on the slowly traveling 
buckets, which congeals the iron sufficiently so that at the turn they 
drop off, still red, as cakes and slide into a w^aiting car, where they cool 
to blackness with the aid of more water. The caimcity of a casting 
machine is high enough to cast all the metal from tliree furnaces of the 
size of the one just described. Each pig weighs 110 i:)ounds and is 22 
inches long, 7 inches broad at the base, and 4 inches thick. 

In many blast-furnace plants, there is no need of casting the metal 
into pigs, for it is to be used at once for steel making in the ojicn 
hearth, or in the Possemer convei-ter. For such puri>osos the iron is 
never taken directly from the blast furnace to the steel furnace or con- 
verter, but it is delivered first to a very largo ladle capable of holding 
several taps; this large receiver is called the mixer. It offers the great 
advantage of furnishing a very uniform metal, avoiding single taps with 
just enough irregularity of composition to prevent tlic inetal from giving 
the usual results. In some installations, tlie mixer is more elaborate still 
and the opiDortunity is taken to burn off some of the sulfur by playing a 
stream of burning gas over the surface. 

Tlie Blast Furnace Gas. The gas which i^asses out at the top of 
the furnace has been cooled considerably by the cold portion of the 
burden, wdiich gains the heat which the gas loses. The gas is cold 
enough to be passed through a steel flue to a steel dust-catcher, and 
from there to a gas washer, a box through which a fine spray of water 
descends, while the gas ascends. The cleaned gas is made to work in 
several w^ays: to raise steam for the driving of the blowing engines, as 
internal gas fuel for the gas engines driving the air compressor, if such 
are used, and to heat the stoves so that b^^ means of the latter the incom- 
ing blast may be heated. The gas is not rich in combustibles, but 
it contains enough to furnish the heat required for the purposes stated 
above; usually there is surplus gas, which in some cases is piped to 
households of employees. The heat value of the gas ® is due to its carbon 
monoxide content: 

® Other tyipes of commercial combustible gasea will be found in Chapter 15. Other analyses 
of blast-furnace gas will be found, in Ohem. Met. Eng., 10, 713 0912). 
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Per Ceiit 

ITydi’oi^cii. Hij 1.0 

Tsitroo-en, 59.0 

Carbon monoxide, OO 26.0 

Carbon dioxide, COu 13.4 

13 tu. of th(5 blast -f II rnaeo «'as 87 


Tlie Temperatures in tlie ^Furnace. The outgoing' gas ieaves the 
top of the furnace with a temperature of 400° F. (204° C.) ; this may 
also be taken as the temperature of the ux:>per part of the burden. As 
the burden travels downward, the temperature rises steadily and gradu- 
ahy to 2700° F. (1482° Ch) at the wide diameter. The increase is then 
much more rapid; lialf way down the bosh, the temx:)erature is 3150° F. 
(1732° C.), all the wa^^ dowm, facing the tuyeres, perhaps 3500° F. 
(1927° C.). The iron on the hearth is cooler; its temperature is about 
3000° F. (1649° C.). 

Improvements- An important improvement was tlie removed of 
water vapor from the air for the blast, by refrigei*ation (Gayley). At 
the temxierature of the bosh, water vapoi* atlac'ks coke, reducing the 
temperature ; further up in the furnace, the heat is returned almost com- 
pletely, but in a place where it is of no importance. This reduction in 
temperature is avoided by removing the water. Another advantage is 
that since humidity varies from season to season, the action of the 
furnace is irregular; this iri*cgularity is removed Ijy drying the air. The 
cajiacity of the furnace is increased; the coke consumption slightly 
decreased. There still are many furnaces, henvever, which use ordinary 
air; the introduction of the Gayley or other method of diydng has not 
been universal. 

Another improvement prox>osed is to enrich the air with oxygen from 
liquefied air.*’ 

The making of castings of pig iron is described in Chapter 45. 

The i^rice for jiig iron has varied considerably in recent years; a 
normal figure would be $20 a ton. A comx>osite pig iron price for 1929 is 
$18.43 a long ton; for 1932, $14.00; for 1935, $18.03; for 193G, (estim.) 
$19.10, The quotation in February, 1937, is $20.75. 

SpoisrGY 

Large-scale cxi':)erimcnts in rotary gas-fired kilns in order to produce 
iron directly from the ore without first making pig iron have been suc- 
cessful. Ore and coke enter at the upper end; after drying, the reduc- 
tion takes place in about 1 hour; the reduced product is discharged at 
the lower end. After cooling, the iron is separated from excess carbon 
and from ash by a magnetic separator. There is no fusion of the iron 
in the kiln, hence the fuel consumption is much lower. The permissible 
range of temperature is between 875° and 1025° C., with 950° C. the 
most desirable one.^® 

® Compare Chapter 19. 

J. Iron Steel Inst., Ill, 491 C1925). 
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Wroxjoiit Iron 

The earliest foriu of iron, obtained from the oxide oi*o by heating it 
with chiLi*eoal to tlio softeiiing* point, and tiien lal)orioiisly woi*ked over 
(''puddled'’) at the heating* place by handtools, with the metal never free 
from slag’, lost its imx^ortance with tlie installation of the x^rocesses wliicli 
X:>roduce liquid steel and liquid cast iron. ISj'evertheless, wrought iron is 
still being made, mainly because it has high corrosion resistance. Hand 
IDuddling was succeeded by mechanical x^uddling, itself sux^iDlemented by 
fagoting; the most modern and striking method, with rax:)id and high out- 
put, is the Aston process, also known as the B37^Grs x^i'ocess. 

Wrought iron is defined as a ferrous material, aggregated from a 
solidifying mass of pasty particles of highly refined metallic iron with 
which, without subsequent fusion, is incorxoorated a minutely and uni- 
formly distributed quantity of slag. It is the liresenee of the slag which 
gives it its fibrous structure. 

In the Aston the j^ig iron is melted in cui:>o]as and blown 

in Bessemer converters according to the usual x^i^i^ctice fo}' steel (see next 
chai^ter) . The blown metal is tax)i:>ed into a ladle, then x^oured into molten 
slag contained in the x^roccssing ladle. The slag is held at a temx^erature 
several hundred degrees lower than the freezing x^oint of the refined metal; 
the latter is continuously and rapidly solidified. Such rai)id solidification 
causes the dissolved gases to burst out with sufficient force to shatter the 
metal into small fragments which settle to the bottom of the ladle, where 
they weld together, aided by slag particles, into a sponge. At once the 
excess slag is x^oured off, and the si3onge ball (6,000 to 8,000 lbs.) dumx^ed 
at tlic rate of one every five minutes on a platform of a 900-ton j^ress, wliere 
it is squeezed into blooms ready for rolling. 

Wrought iron has low carbon and low manganese content. Tor example, 
Byers aSTo. 1 contains C 0.08 per cent, Mn 0.015 X3cr cent, Si 0.158 ijer cent, 
P 0.062 i3er cent, S 0.010 per cent, slag by^ w^eight 1.20 x^cr cent. 

The production of wrought iron x^ip^ and tubing, the most imx:>ortant 
outlet, was 35,879 tons, in 1935; the cori*esx3onding articles made from 
steel totaled 928,526 tons for the same year. Plates, sheets, bars, and 
other products are also made of vrrought iron, to a limited extent. 

Elegtrouytic Iron 

Iron is deposited from a solution of ferrous chloride on the com- 
mercial scale; the purity of the deposit is essentially 100 per cent. 
Pyrrhotite, PctSs, or pyrite burned to FeS, gives, when treated with 
ferric chloride, ferrous chloride and sulfur. The solution is run to the 
electrolyzing tanks, in which rotating mandrils receive a coating of 
deposit which grows to the desired thickness. The tube is then stripped 

lOa 'phe patents granted to James Aston, on the manufacture of wroiight iron, are: U. S. 
Patents 1,255,499; 1,413,513; 1,820,177; 1,890,637; 1,987,598; assigned to the A. M. Byers Company, 

Pittsburgh, Pa. 

iSec chapter on “Wrought iron,*' by A. W- F. Green, “Metals Handbook,” 1936, Cleve- 
land, 0-, pp. 337-343. 
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off; it is very brittle bcc.auso of dissolved hydrogen. The brittle metal 
may be powdered and pressed into a coil with the aid of some adhesive; 
such coils arc valuable in electrical devices. By heating the tube in a 
furnace, the hydrogen is driven out and the brittleness disappears. These 
tubes arc made into seamless containers of small size. During the elec- 
trolysis, ferric chloride is lornied, and this is the solution used on fresh 
portions of iron sulfide. Tliis is t he .Bouchcr-Bouchaycr process, developed 
at Grenoble, France. 

(>rnKU Patkxth 

U. S. Patont 2,057,919, iiUhu'nc'in^ iho. clKMiiic^al and physical propnrinos of })liist 
furniicc; slaj^s; 1,984,793, prodiu-.t ion of piji; iron and Pori bind comont in a blast 
furnace; 1,941,9(83, n'diic.m;^* iron ore; 1,964.402, same i.C)i)i(*; 1,063.269 dosulftirizin." 
and purifying iron; I,8;>7,696, (d<M*4 ro~( horinic rodiiefion of iron ores: Ore, carbon, 
and flux are in1rO(liic('( 1 into a Iioi'izontal liollow ^j:ra])hii.r (declrodc'; the charji^c is 
pushed gradually (Unvn. llu' ])assag(', gaining* in lieat. unl.il thn holiest zone at the 
mouth of the (4fa*.lrod(' is rc'aclHal , \vh(u*e i*('( liic.l ion lakes ]>]ace. medtod iron 

(cast iron composil ion) ca)ll('t‘ts in a tor(^-c*ha.inbcr, whic'h is Uipi:)cd at intervals. 

PROni.KMS 

1. In the prescMit chaplc'r, is llu'rt' an oxaniplo of the countorciirront principle 
worth mentioning? 

2. From the dimensions, stroke', and sj) 0 ('(l given in the text for the blowing 
engines, verify the value for the W('ight of air pum])ed in pc'r day. Find first the 
volume at atraos]du'ric lua'ssuro of the c^old air used; each culoio foot weighs 
0.0761 pound at 62° F. 

3. Let tho ore ('hargt'd in the sp>e<ari(‘. exa.mplo for the blast furnace given in the 
text, contiiin 50 pea* cent Kc', and assumes that, the dust Joss is nil, also that there is 
no other loss; coin.])ui.e the weight of iron which will be obta.ined, assuming Iho pig 
to bo 92 per cemt Fe. 

4. Set up figures to show how many t.ons of the several materials arc required 
to make one ton of pig iron, from information given in the text. 
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Such a coil has low hysteresis losses, and is used as the Pupin coil. 



The v'^odzcction of steel in 1935, for the United States, %cas 34,4 million 
long tons (2240) pounds; for 1933^ 23 million. The mahing of steel on 
this huge scale is an industry only ahout 72 years old; it dates from the 
invention in 1855 by Henry Bessemer, an Englishman, of a nezo method 
of pumfying pig iron, the usefulness of zohich zcas extended (1878) by 
Thomas and Gilchi'ist, also Englishmen. The process of Bessemer was 
discovered independently by William Kelly, of Kentzichy, in 1847)'" The 
other main process for steel is due to William Siemens, an Englishman 
and to E. and B. Martin of France (1865). Several of the important 
improvements of a later date are due to A.mericans . 


Chapter 48 
Steel 

Steel is a purer iron than cast-iron; tlic undesirable impurities of the 
latter, silicon, phosphorus, sulfur, and manganese, are cither removed 
or reduced to a very low amount; carbon, which is 2.5 to 4 per cent in 
cast iron is reduced to 0.2 per cent for a very soft steel, 0.55 for rail 
steel, and perhaps 1 per cent for extra-hard steel, in all cases distinctly 
lower than in cast-iron. It will be noted that tlio amount of carbon in 
the steel, varying between the comparatively narrow limits of 0.20 to 
1 per cent, regulates the hardness of the steel. The manufacture of steel 
is then essentially a purification of pig iron, by slagging the phosphorus, 
silicon, and manganese, and removing the excess carbon hy oxidation; 
the raw material is not pig iron alone, but to large extent steel scrap of 
all kinds. The proportions of pig iron and scrai:> are not fixed but depend 
upon market conditions. The removal of the impurities effects a pro- 
found change in the properties of the material; the brittle, comparatively 
weak cast-iron, which cannot be rolled, is transformed into tlie strong, 
tough steel, \vhicli may be rolled and forged while at red heat; the melt- 
ing point rises. Table 78 shows the difference in some of the i:>roperties: 


Table 7S.- 

— P r op c'rt i cs 

of Iron rnid 8tci 

it. 


Specific 

Tensile 
Strength 
per sq . inch 

IV'Telting 

Point 

Oarbon 

Oont.ent 

May Bo 

Oravity 

Pounds 

o JP 

° c. 

JPer Oc.ii t 

Rolled 

Pis iron (g:i*av) 7.3 

15.000 

2000 

1093 

2.50-4.00 

Ino 

Alodium stool 7.S 

65.000 

2500 

1371 

0.15-0.30 

A’os 

Itail steel 7.8 

110,000 

2500 

1371 

0.55 

Yes 

Steel has the further 

advantage 

of acquiring 

a ^Temper,” 

varied 


according to the details of treatment, by heating and quenching; heating 
and slow cooling removes the temper. 

*11. S. Patents to W'illiam Kelly, 16,444 (”1857), combination of llio hearth of a blast furnace 
with auxiliary tuyeres bringing a blast of air; 17,628, blowing blast of air, hot or cold, through 
a mass of liQuid iron, the ox^’-gen combining with the iron, causing a greatly increased heat and 
boiling commotion in the fluid mass and decarlr>onizing and relining the iron; 18,910, claim 1, con- 
ducting a blast down through, the liquid iron to near the Ijotiom of the hearth; claim 2, refining 
and decarbonizing simultaneoxisly in the hearth of a blast furnace and in an adjoining chamber 
halving communication therewith. 
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The steel produced on a large scale has become a structural material 
of first iniportaiKiC-'., i*C'i>la(*ing stones and bricks^ and making possible 
the building of bridges wliic^h (otherwise would not exist. The American 
skyscraper would have been impossible without steel. The extension of 
railways is due also to the large-scale production of steel, not only for 
the rails, but also for the locomotives. Stationary high-jeressure boilers, 
steam engines and turbines, machines of all kinds depend uioon the pro- 
duction of steel. The two proccsscts by which such steel is produced are 
the Bessemer converter process and the open hearth process; the two 
produce essentially the same kind of steel. 

There are in addition a large number of special steels, with properties 
suiting specific purjioses, many of them of great imi:>ortance, although 
the tonnage used may be small. Examples arc: self-hardening tool- 
steel, nickel steel for armor-])lating, chrome steel for navy guns; these 
will be described briefly further on, and also the process of comliining 
a hard surface with tough, strong interior, by caso-liardeiiing. 

Ov MX IIuARTii Process 

The open liearlh process was introduced some 10 years after the 
Bessemer converter. Tlic* (*harge is iilaccd on the hearth of a large ])riek 
furnace heated ])y gas or oil lirt^, and the luniting continiu'd, with o(*ca- 



PicaTKE 261. — Air reversing mechanism; 10, entering cold air; 

3, regenerator for preheating the air; 5, fire gases leaving 
the second regenerator for air, and passing to the stack at 9 ; 
the butterfly valve is reversed at 11. A valve for controlling 
the amount of air is also provided. 

sional additions of fluxing materials, until the carbon is sufficiently low; 
the product is tai)i:)ed at intervals. 

As example of open hearth furnace practice, a specific furnace with 
a hearth 19 feet broad by 34 feet in length, with a capacity of lOO tons 
every 11 hours, will t)e described- The hearth is on a level with a work- 
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Figure 262. — Front view (elevation) of tlio open hearth fLirnacc for steel. 1. work- 
in.^ floor; 2, enterin«; hot producer gas; 3, entering hot air f)lawt; 4, fji-e gases 
})assing to regenerator for gas, and 5, for air. dlie sanu^ mnnbei-s for Ida.st, and 
air are used in the several skcteiies. 


ing floor suflicicntly elevated so that on tapping^ the metal ma^^ be run 
into a receiver, the ladle, standing on the ground floor; tliis provides at 
the same time space under the furnace for the bidckwork of tlie regenera- 
tors. The fuel is producer gas,^ preheated in a regenerator; the air is 
also ]'>reheated. Aii* and gas enter by se])aratc^ ducts at tlie left of the 








^ u 


4 H 


Figure 263. — Floor plan of the open hearth furnace; 2, gas entry; 3, air entry; 
4, fire gases to gas regenerator; 5, fire gases passage to air regenerator; 6, tapping 
trough, at the rear of the furnace. 

furnace, mix, and sweep while burning over the hearth, and pass out at 
the right, reaching two regenerators which they heat, before escaping 
to the stack. There are in all 4 regenerators to each furnace; the direction 


^ OKapter 15. 
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of flic ciiici clii is level SGcl cvci'y 15 minutes, by band opei*afcion of 

levers wliicb contiol tlie coniprcssecl-aii' mechanism which swings the 
valves. A scheme for the reversal of the air is shown in Figure 261 ; 
a second similar arrangement reverses the gas flow. Several views of 
the furnace (Figs. 262-264) will add to the description. The roof of 
the furnace is rather high (8 feet) in order to give room for the charging 
pans. The doors are water-cooled steel doors, operated by compressed-air 
mechanism with distant control. 

The furnace has 5 working doors which face the working platform; 
all the work is done on this side except the tapping, ivhich is done at 
the rear (conf.pdrn Fig. 264). The furnace floor is built of clay bricks, 
covered with magnesite bricks,- and these are covered with magnesite 



ITiciUKK 264. — Si<l(' vif’W (c'l ('vn (.ioii) of thc^ iK^arlh finTiiico, showing; iho rf'lulivo 

localion of working- floor 1; lappin”: lroii<i;li 6; ludlo 7, and in^ot mold S. 

lumps of us«oi*l,c(l sizcrs mixed with 15 per cent well t^uriied in. 

The roof is lined with fn-c-bricks. On the floor, calcined dolomite is 
thrown by hand slu^vels before every char< 2 ;e, and the furnace is then 
ready for tlie rvm or ^dicat.” Tlie charge consists of 

125.000 ^Tounds of scriLp iron, mainly ends of sheet steel 

25.000 pounds of cold pip; iron, from the storage pile 

100.000 i^ounds of melted pig iron just from the mixer 

26.000 iiounds of limestone 

500 pounds of fluorspar added at intervals during the 11 hours 

2,000 pounds of iron ore, such as hematite 

The cold materials are in narrow pans, 4 to a truck (rails) . A steel 
housing moves on rails along the platform, and lifts each pan, pushes 
it into the furnace through the opened door, rotates it to dump the con- 
tents, and i^ulls it out again, by means of a mechanical arm with inside 
movable rod ; the pan casting has the necessary slots to receive the arm 

2 90 to 93 per cent MeO. 
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lock. Tlic hot pig is poured from a ladle hung from an overhead crane 
into a trough at one of the working doors. After all the materials have 
been added and have melted, the depth of the liquid mental on the hearth 
is about 24 inches. With the charge in the furnace, there is little to do 
except to reverse the gas flow and observe the xmogress of the reaction, 
until near the end of the period. 

The relative amounts of pig and scrax> vary. It may be 40 i^er cent 
j:>ig as liquid iron, tapjDcd for example from the mixer at the foot of the 
blast furnace, which holds 3 or 4 blast furnace taps, and 59 per cent 
scrap, with perhaps 1 loer cent ore added merely in order to reduce the 
great amount of carbon which the joig iron brings. Or, it may be the “pig 
and ore process, with 70 per cent pig, 30 x>er cent scrap, and 12 per cent 
iron ore based on the metal and scrap. In this latter case, a sizable 
IDortion of the final steel come from the ore directly. 

It will be well to remember that in any case a vast amount of c*a.rbon 
is brought to the furnace, and the essential function of the open liearth 
l^ecomcs the removal of any excess carbon by combustion, along with 
i:>hosphorus, sulfur, and silicon. 

Progress of the Heat. The ox)erator o]:>servcs the apx^earance of 
the mass at the peephole in each door, through blue glasses. The tein- 
jmraturc is 2400° F. (1315° C.) at first, and increases to 2800° F. 
(1538° C.) and even 3000° F. (1649° C.) ; after a time, the charge is 
melted and the liquid appears to boil violently. A joart of the boiling 
effect is due to the escape of gases occluded in the metal, a ])art to car- 
bon dioxide escaping from the limestone, and another part to the carl:)on 
monoxide from the carbon in the pig iron, burning with tlie oxygen of 
the hematite and of the furnace gases. There arc two ways for the rapid 
determination of the amount of carbon still i)rescnt in the metal. The 
older way is to take a spoonful of metal and to pour it into a mold to 
form a small pig which is quenched and then broken in two. From tlie 
ai:)pearancG of the fracture, the trained eye of the operator can tell the 
carbon content with remarkable accuracy. The latest method is the car- 
bometer,-^ an instrument which measures the magnetic induction in a 
rod of steel cast from the metal in the furnace. AVith a few motions 
and in less than a minute, the '"hnelter’^ knows the carbon content within 
one point (0.01 per cent C.) . Besides these rapid tests, it is not infre- 
quent to hold the furnace quiet while an analysis is made in the nearby 
laboratory. After 11 hours, the carbon content has been reduced to the 
desired point and the furnace is ready to be tajDped. 

Over the liquid metal there collects gradually a layer of slag, contain- 
ing the impurities. Oxidized silicon and phosphorus form, with the lime 
from the limestone, calcium silicates and phosphates, wdiich are melted 
and float on the metal, because their specific gravity is lower. The 
fluorspar is added to make this slag layer thinner, more readily separated 
from the steel. 

sa. Tlic carbometer is clescribed briefly in Oliapteir 46. A set of c.iirves giving ca-rbometer 
readings against per cent carbon appears on p. 162, Aletals ProgresiSt 31, C1937). 
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The elningca in the basic oi^eii hearth furnace are indicated in the 
figures below. 

O iicutges in Scitiio Open II earth Furnace. 


Cluirffc tStiM'l 

l^c r a cut ^ 

Ciii-bou 1.0 0.18 

Silicon 1.40 .004 

Pho.splioruri 0.05 to 2.5 .02 

Manp;;iiio.so 1.80 .44 

Sulfur .1 .042 

Iron 1)3.2 90.3 


Tapping the Furnace. A laddie with the capacity of 100 tons (15 
feet high) of brick-lined steel, with nozzle in tlic bottom, has in the 
mcaiiwliilc been pla.(;ed in j^osition at the rear of the furnace. The tap- 
hole is cleared by a bar and a sti*cani of 0 x 3 ^ gen ; if the hole docs not 
form, a small j>ig, rc^d liot., is brought froni the fi’ont of the furnace and 
placed in the tajhiole; a slreaiii of ox\\gen is pla^^ed on it and tlie high 
temperature so [)r()(luced melts tlie cold steel and opens the hole. Tlie 
steel at wliite heal, flows out through a sliort trough into the casting 
ladle; slag runs out, iicair t.lici end and is rim off from a side trough at 
the top of tlio hidU'. and forming part of it. Tlie ladlc^ is liftcMl l)y an 
overhead cranc'. traveling in I lie rciiv of the furnaces, and carried over 
the ingot molds. 

Casting Steel Ingots, ddie ingot molds are made of cast iron, open at 
top and liottom; they arc'! scT caich on a heavy steel or co[)[Kn* liasc plate, 
carried on narrow trucdcs on rails, G to a truck. The bottom of thci molcl 
is formed b^” t.lu'. lieavy base iilate; a little sand at tlici edge's prevents 
the metal from running out. The', ladle is lirought over the mold, and the 
firc-cla 3 ^ plug lifted from the firc-cla^^ nozzle in the base by a rod (with 
protecting fire-clay sIch^vc) ()}>oralcd from a second rod running down 
the side of tlio ladle,'.. After one mold is filled, the plug is lowered into 
place, an<l the ladle is inove'd to the next. TCach ingot weighs a]:>out 21 
tons, is 19 indues scpuire (\vith rounded edges) and about 5 feet high. 

An imi)rovcn.ient in the casting iiroccdure consists in placing e.)ver 
the top of the mold a stoneware sleeve as wide as the mold itself, and 
allowing the metal to rise within it. This ^‘chimney top” docs not chill the 
metal, allows the gases to escape, and prevents, by feeding hot molten 
metal downward, the large cavity formerly formed in the upper part of the 
ingot. A furtlier advance is ^^scarfing”, namety, cutting away with an 
acetylene torch the bad metal from the corners of the ingot. 

Rimming Heat. There are to be distinguished the ^'rimming heat,’’ 
the “killed heat,” and an intermediate one. The rimming heat may be 
illustrated by a manganese rimmer, a steel to be used for nuts and bolts 
stock. Such a steel must contain sulfur, which may be as high as 1 per 
cent; in this case it will be more moderate. During the progress of the 
melt of 100 tons, there will have been added 1000 lbs. of manganese; 
and while the tapping is in progress, there are added to the ladle, which 
takes the whole of the “heat,” that is^ of the tap, 300 lbs. of. brimstone, 60 
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lbs. of anthracite to restore carbon and bring it to the required percentage 
and finally 1400 lbs. of manganese in the form of 80 per cent (ferro-) 
manganese. The resulting steel contains, in this case-, 0.16 to 0.18 per cent 
C, 0.55 to 0.65 per cent A4n, 0.10 to 0.12 per cent S. As the steel is poured 
from the ladle into the ingot molds, the liquid steel works, that is, bubblCvS, 
for several minutes. On cooling, the ingot will be found to have a crust 
of close-grained metal along the outer walls, with a core or coarser grained 
metal, darker in color; hence the appellation ^hummed. The ingot passes 
through the blooming mills, and is reduced in size in other mills, under- 
going continually an elongation, but never losing this composite structure 
of fine grained rim with coarser grain core. The purpose of the sulfur 
addition, and other additions in definite proportions, is to produce a steel 
which will give short turnings when threaded, wliich tlicn fall off easily and 
do not plug the dies in the automatic screw-making machines. The sulfur 
is present in the form of manganese sulfide. The steel just described 
is for ^fimt heading” sucli nut and bolt stock; a somcwliat different com- 
position is selected for the ^hiold heading” stock, with the carbon .15 per 
cent and the manganese somewhat higher. 

Killed Heat- A liigh manganese steel will illustrate the 'Tilled 
steel;” such a steel might be spoken of also as a liigh-impact steel. The 
bath in the open hearth furnace is brought along in the usual way, with the 
addition of a certain amount of fcrro-silico-manganesc (66 per cent Mn, 
18 per cent Si) . Near the end of the period, there is added a "wash” of pan 
pig iron; these sink in the melt, and cause a violent action from below 
which drives upward any sluggish impurity wliich is to be slagged. Next 
for a "block,” some 3000 lbs. of silicon-manganese iron arc fed in. This 
addition melts and quiets the bath, giving an interval with essentially no 
"work,” hence no change in composition ; that period is utilized to make a 
laboratory analysis for carbon and manganese. It should be said that the 
quietness of this interval is hcliied by shutting off the gas and air. Guided 
by the analysis, the proper amount of 80 per cent manganese is placed 
in the furnace, and it is ready for tapping. To the ladle, as it fills, there 
may be added anthracite. The final composition is 0.30 per cent C., 
1.65 to 1.75 per cent Mn, not over 0.03 per cent P, not over 0.04 per cent S. 
As the ladle is lifted over the ingot molds and fills these, the steel does 
not "work” at all; it is quiet, and begins to solidify at once; all action in 
the ingot mold has been "killed.” The metal is essentially uniform over 
a cross-section. This steel fits S.A.E. T1330. 

For this high manganese "killed” steel, the hot top chimneys are 
used over the ingot molds. 

Soaking Pits. The small trucks with the filled molds arc pushed 
under a shed in which an overhead crane travels, which carries special 
lifting claws fitting the mold. The claws engage the mold and lift it up, 
leaving the ingot (still red) standing on the platform; the mold is placed 
on an empty truck ready to return to the furnace building. Any mold 
which fails to leave its ingot is reworked in the furnace, mold and ingot. 
The stripped ingots are conveyed to the mill building, and first reheated 
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to bright red heat in tlie ‘‘Roaking pits” (2 hours or less) . The pits are 
brick-lined ehtiinbei's in the floor, G feet deep and 4 Vjy 6 feet in cross- 
section, heated by gas. As a rule, four pits are served by one gas inain.^ 
The transfer of the ingots to the pits and tlieir removal is done agaiif by 
an ovei'head crane, carrying a grabbing tool (the dog) . The reheated 
ino’ot is deposited in a steel basket on an electric truck, ■which carries 
it'to the first of foiir or five mills, where a trip dumps the basket, so 
that the ingot lies on its side ready to enter between the two rolls of 
the mill. 

Rolling Mills. The ingot enters the first set of rolls of the mill 
(sometimes called the blooming mill) which reduces its thickness; it is 
returned to the I’olls aftta- being tm'ned on its other side by mechanical 
claws so that all four fiu-.es ai'o {Ji't^ssed; it is at the same time elongated. 
This treatment is repeated in the; next set of rolls, the steel billet length- 
ening at each passtige while its diameter diminishes. In order to make 
steel^ rails, the r<.)lls liave grot)ves arranged so that two which revolve 
on each other leave a passage approaching the shape of the rail cross- 
section; the last passage has exactly the shaiie of the rail. The imperfect 
ends are cut off by heavy shears and returned to the open-hc!arth 
furnace. Each mill has two (or three) horizontal rolls, with several 
grooves for the smaller rolls, of gratlually diminishing size; the steel 
may Joe passed back through the same rolls, forward again ami back 
againj a number of times, taich time throiigh a smaller i)assage; the 
method of moving the steel is by smooth rollers forming the flocn' on 
which the piece rests; the. flt)or rollei-s may be revolved at any speed, 
ami may be rever.sed at the will of the operator, who stands at a dis-. 
tance on the control platform. The floor rollers as well as the niills are 
driven by steam engines or 1). O. motoi's, through gears with 1 -shaped 
teeth, "^ro keep the mill I'olls from heating, a small stream of water i.s 
allowed to flow over them; somt; ol it reaches the steel, but has no appie- 
ciablc effect. 

As the steel rail emerges from the last passage, it travels to a revolving 
saw which cuts its end true; it then moves on to a stop which controls 
its length; the saw makes another cut. A second length is measured 
off and cut, and the waste end sent back to the furnace. The rail, 
which is still red hot, is moved to a storage shed (floor rollers), where 
floor claws imsh it along resting bars toward one end of the 
to cool. One ingot of the size given makes two rail lengths, and the 
time required from the blooming mill to the shed is about 15 minutes. 

Not only rails, but flat iron, bars, angle irons, tees, channels, and 
I-beams are shaped in this way. Wide flat iron (skelp) is bent and 
welded to form tubes (iron pipes of all sizes) by automatic operations. 

The process of rolling is not merely a shaping of the mass, but because 
of the pressure applied in the mill, the particles in the steel are pressed 

«A sketoli of the pit will be found on p. 219, "The metallurgy of iron and steel,” 

by Bradley Stoughton C«ee reading references). 

* The NTational Tube Co.. MciKeesport, Pa. 
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together, coarse particles destroyed, and tlie strengtli of the material 
increased. 

A distinction is made })et\veon the basic open lieaiili and the acid 
open-hearth procetis; in the basic open hearth, whicli is the niore impor- 
tant one, pig iron and scrap containing 2 per cent of phos])horus and 
even more may be used, for by the addition of lime, this phosi:)horus, 
after oxidation to its oxide, is finxed ont as calcium phosphate. The 
acid open hearth, tlie original process, makes no provision for the removal 
of the pliosphorus ; pig iron or scrap with a low phosphorus content 
must be used (0.045 per cent P) , and the steel will contain a slightly 
higher percentage. The acid open hearth is used in England. Four- 
fifths of the rails produced in tlic United States arc open-hearth steel. 

Continuous Strip Mill. Increased demand for sheet steel has made 
a more rapid and more economical method of production desirable, and 
this has been realized in the Mesta machines, which roll a slal3 into a 
continuous sheet of steel at a rate not unlike tlic rate of paper-making on 
tlie Fourdrinier. 

A slab, let us say for illustration, 35 inches wide, 13 feet long, 4J 
inches thick, of low carbon steel, preheated to 2300° F. (1260° C.), is 
pushed (uiccbanically) onto rollci’S forming the first part of a long roller 
platform interrupted only by the rolling mills. From licrc on, the steel 
travels in a straight line, in one direction. The slab is fed successively to 
each of 4 stands called 'Tour highs,'' each operated as single units and at 
individual speeds. Kacli "four high" rolling mill consists of 4 rolls, 
arranged vertically; reading from the bottom .up, tlu^y are: an idler, a 
driven roll in contact with it, the gai) through which the stc‘el passes, an 
upper driven roll, and finally another idler, the "back-u]n" A scale 
breaker strikes the slab as it moves from the first to the sc'cond of these 
preliminary stands. Beyond the fourth stand, tlic slal.) readied a s])ace 
called the "cooling table," where it can be moved ])ack and forth until it 
has cooled to the pro]3er temperature for the final pass, namely 1620° F. 
(882.2° C.) . The slab is, by now, considerably elongated, and much 
thinner, perhai>s ^ inch. It now enters .the first of a set of 6 stands, also 
"four highs," passing directly from one to the next and emerging from 
the last, with the prescribed thickness or gauge. These 6 "four highs" 
reduce the thickness of the steel stepwise; they liave different speeds of 
rotation taking up exactly by the increment in speed the increment in 
length. The width is set by side guides. The still red sheet hurries down 
the long table (with driven rollers for floor) , to wind itself automatically 
into a coil, which is pushed out and dumped onto a floor conveyor travel- 
ing at right angle to the long table. 

The maximum speed on leaving the last of the 6 "four highs" is 1350 
feet per minute, for the lowest thickness (.050") ; the minimum speed 
for the heavier gauges is 200 feet. For the medium thicknesses it is around 
500 feet; this means that the observer, standing on the bridge over the hot 

-4a Thus for number 6, the final mill, 190; number 5, ICO; number 4, 108; number 3, 90; 

number 2, 64 ; number 1, 46. 
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tabic, will sec the reel .slicct rush by below him in 30 seconds, for a length 
of 250 feet.,'"' a frequent length. The time from slab to coiris 2 minutes. 

The clearance at the last mill is still mucli greater than the thickness 
of the steel; for example, a clearance of .220 inches is used to produce 
a sheet .074 inclios in thickness. 

The hot mill canac'-ity is 50,000 tons a month. The width of the sheet 
may be as high as 72 inches. 

After cooling, the coil is passed unwound tlirough the pickier (dilute 
HCl), is washed, dried, and (hied, and next cold rolled, with a reduction 
in thickness of OO pen* cent. This considerable reduction is accompanied 
by the creation of strains, and 1 )rittlenoss, so that the cold rolled sheet, 
now cut in convenient lengths (a impulai* size is GS inches by 120 inches)^ 
is made into pih'S and covered with an annealing oven. The atmosphere 
of the oven is (*ont rolled; tlic box is filled with l^X gas in order to 
deoxidize the surface', and re'storc a shiny non-s(*alc surface; tlic heating 
is indirect. Aftc'r* 72 hoin-s, (ho pile of shc'ots is allowed to cool, and may 
then be cold i-olled again, this time with no rc'duction (skin roll). 4^1ie 
sheet is then ins|)C‘<de(l undc'r ii mercury arc for scams, stretcher strains, 
buckle, gauges and otlu'r i)art icuhu\-. 

A part of t lu' liot I'olh'd steed is used as such, for the mamifac't ure, for 
example, of a.ut ()mo})ilc cliassis frame's, exhaust ])ipos, tubc\s for the differ- 
ential housing. 

''r 1 1 1-] rossK M i:n Co x vkrtkr 

Acid Process. ^Idic Bc'sse'iner conve'rter is a pear-shaped vessel with 
perforations (tlie tu\'ercs) at the bottom tlirough which a blast of cold 
air (pressure 2e5 peiunds) may be introduce'd ; molten pig ire)n from a 
mixer is poured in and blown for a j^criod eif about 20 minutes; tlui 
silicon and inanganc'se are oxidized and combine witli tliat portion of 
the iron wliie*li is e)xidize'd a,t the? same time. In the simplest case, that 
of the acid Bc'sscmc'r proc'e'ss, three i)criods may be distinguished. In 
the first, slag forms; in the second, the liquid ^d)oils,'’ the carbon is 
burned and esc*a|)(^^ first as dioxide,, later as monoxide (CO) ; it is the 
escape of the latter gas wliicli causes the 'Toil.'’ The flame at the mouth 
of the convertor during the second period is large. The third period is 
the finishing pca'iod, when the last of the carbon burns to monoxide; 
as its anunint diminislu^s, the flame dies down. Aluch heat is produced 
during the })low, mainly by the burning of the silicon {co7ii,pare Prob- 
lem 2) ; in fact, the Bessemer conversion succeeds best wTen there is a 
2 per cent content of silicon in the pig iron; with a lower content, 0.8 
or 1 per cent, the converter inust be kept hot by rapid working. The 
blow over, an addition of spiegelcisen ^ is made in the converter, and a 
short afterblow is af)plicd; the manganese reduces any oxide of iron 

4'^ TJio It'riKtli of Ui€‘ rolU*(l shoot be computvcd by dividing the proposed thickness in 

inches, into the; tli iokness of tho origina.1 and multiplying by the length of the slab; ArVidtn 

to remain the same. 

® SpiogeleiKon iiio-aiia mirror iron; it is a low-rnangancse iron alloy; IVIn 15 , C 4.5'%^, Si 0.5*7o, 

Fe 79.7%, S 0.2%, P 0.28%. Tho amount added is 6% of the charge, or even more. 
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which has been formed and at the same time furnishes carbon, which 
the main blow has practically completely removed. 

A Bessemer converter for a lO-ton charge is about 15 feet high 
mounted on trunnions, and elevated sufficientK’' to allow the pouring of 
the finished steel into a ladle. The converter is lined with acid (silica) 
bricks, and has a removable bottom piece, which lasts only 12 to I 5 
blows, and a removable nosepiece.*" Other details are indicated in 
Figure 265. Converters large enough to hold 20 tons are not uncommon. 
The charge occupies only one-sixth of the space within the converter 
to allow for agitation. The pig iron or melted scrap must contain not 
more than 0.05 per cent phosphorus. 



If I ( «' i JJii'j 265 . — The Bc-?.ssonior 
convert, or for steel; 1, 
entry for air blast, cold; 
2, bottom piece; 3, body; 
4, noso piece of the con- 
vertor. The tuyeres are 
shown in 2. 


Basic Bessemer Practice — The Thomas-Gilchrist Process. The 
basic Bessemer conversion differs from tiic acid Bessemer just described 
in several particulars. It is devised for phosphorus-containing pig iron, 
or melted scrap, and during the blow, it is the burning of the phos- 
phorus w’hich furnishes the heat, instead of the silicon ; the phosphorus 
content is usually 2 per cent, and may be as high as 3 per cent. Lime 
is added, in lump form, in order to bind the phosphorus oxide, P 2 O 5 , as 
calcium phosphate; and as such basic material as hot lime would 
speedily ruin the silica brick lining usually applied to the acid con- 
verter, the lining must be different, namely basic. It is made of dolomite 
bricks. The amount of slag formed in the basic Bessemer is greater 
than in the acid one, and for the same charge of metal the converter 
must therefore be somewhat larger. Finally, the spiegeleisen is added 
only after the metal is in the ladle, so that a reduction of the phosphate 

® The nosepiece lasts 50 "blows ; the body, 200. 

For heat value, compare Problem 2. 
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by the carbon in the spioj^caoirtcin may l)c pvcvcntccl. The basic Bessemer 
is much used in Trance and ( h-rmany, less in the United States. 

The composition of tlie chargie and ol' l.he product for tlie two Besse- 
mer processes are ^iven in Table 79. 


Taiu.k 79. — C<r}}iposilion oj Chanje and Product. 

.l'‘roccss Acitl Bessoiner Process 

OhjiiTCt? Steel Ijiidosed** Charge vSteel Unclosed--* 




Carbon 3.G0 0.20 (Lmce) 3.50 0.20 (trace) 

Silicon 0.01. 0.01 (0.005) 2.10 0.02 (none) 

Phosphorus .. 2.52 0.04 (0.04) 0.04 0.045 (0.045) 

Sulfur 0.07 0.05 (0.05) 0.04 0.044 (0.044) 

Mansaiiese . . . 1.4.5 0.40 (0.12) 0.45 0.4S (trace) 

Iron 00.30 (99.7=^) 93..87 99.21 (99.S=U 


* Ii'cjn oxide is present. * * Tliat is, before correettion by sp iegeleisen addititjn. 


Both steels given in tlu‘ table would be mild steels for generul sti-uc- 
tural pnrposeKS. The I'ciiujlions iirv. violent; the ])ig iron is clmnged to 
the pure ii’oii shown nndtir llui eohiinn l.In dosed’ ' ; such ii*ou has the 
fatal delect that it <*()ntains iron oxide, which vendors the product almost 
useless. The addition of the ferromanganese or spiegeleiscdi removes the 
oxide of iron, for the manganese combines with tlie oxygen of FeO with 
great rapidity; at the same time, carbon is furnislied to i*each the desig- 
nated percentage. That the very pure undosed metal is fluid means that 
a very high temperature is produced in the converter.^ 

It was the invention of the use of spiegeleiscn as a deoxidizer and 
at the same time rccarburizcr which saved the Bcssemcir process from 
failure in its early days ( j\'Ii.ishet, 1856). Other deoxidizers are ferro- 
manganese Ldloys with 40 to 80 per cent manganese; also silicon allo 3 ^s 
and aluminum. 

The comi)osition of structural steel need not be those given in the 
table above; in the case of the towers for the George Washington Bridge 
over the Hudson, at 178th Street, Now York City, the steel used con- 
tained about 0.27 per cent silicon. The high silicon content was selected 
in order to imiorove the physical properties of the steel, not for the 
purpose of decreasing any possible corrosion.^ 

Slag. In the acid i^rocesses, the slag is due to the burning of the 
silicon, Si, to silica, SiO^, of the manganese, Mn, to the oxide, MnO, and 
of some of the iron, Fe, to FeO; these react further to form manganese 
silicate and iron silicate: 


MnO H- SiOii = MnSiOs ; FeO -f- SiO^ === FeSiOn. 

In the basic iDrocesses, the phosphorus, P, burns to the pentoxide, P 2 O 5 ; 
some iron to its oxide, FeO, and the manganese again to IVCnO; there is 


8 The purer the iron, tlvo higher its molting point. No fuel is needed in the Bessemer con- 
version ; as inclicatecl before, the heat is due to the oxidation of the silicon. C*3.cid process) or the 
phosphorus Ctiasic iirocoss). 

o Private coiuimmication. The Port of New York Authority, Herbert J. Baker, engineer of 
steel inspection. 
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then formed calcium i:)liospliatc,^^ essentially, containino; iron phos]diatQ 
and some manganese idiospliatc : 

3CuO -1- = Ca:,(PO.O.>. 

The liquid slags are lighter than the molted steed and float on the latter. 

A continuous open-hearth process, in which 20 tons of steel are tapped 
at intervals from a total charge of over 100 tons, is in operation (Talbot) ; 



Ficxjre 266. — Photo^mici-ograpli of a polished surfaces of hi»h- 
caibon steel, etched magnified by 250. Thc^ dark artMis are 
pcarlite; llie light areas are coinentite. 


the main advantage is that the bottom of tlie furnace remains covered 
by the steel and is not attacked (or very little) by the slag. 

Sulfur may be slagged out by means of manganese, which forms man- 
ganese sulfide, IVInS. 

Special Prodxjcts 

ISTearly pure iron was made formerly from very xiurc raw materials, 
and with charcoal; it is possible to make surprisingly pure irons in the 
oi:)eii-hearth process by holding the charge for some time longer in the 
furnace to lower the content of silicon and manganese; at the ladle alumi- 
num (shot) is added liberally, perhaps 1-^ pounds to the ton of iron. The 
Armco brand of iron, used for cornices and conductor pipes, is such an 
iron; it rusts either not at all or very slowly; its composition is carbon 
0.02 per cent, manganese 0.05, silicon 0.01, phosphorus 0.01. 

Steel is iron containing carbon, in part as iron carbide, FeaC, called 
cementite ; in part free, as graphite ; the total amount for steel lies between 
0.135 and 1.5 per cent Heated and suddenly quenched, it becomes 

more elastic, harder, and more brittle; these qualities may be varied for 


For -tli-e use of basic slags as fertilizers corri'parfi Chapter 18. 
Iron, with 2.5% carbon and. more is pig iron. 
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any one steel by varying tlie temperature and the period of quenching. 
]Most of tlie iron is free, and occurs as IcrritCj of which there are three 
varieties.^ On cooling a piece of steel and observing its rate of cooling by 
means of a pyrometer, it is found tliat the cooling is not regular and 
gradual but is arrested, an<l the steel 3*eniains at certain temperatures 
for a little while, this is due to the change of one form of ferrite to 
another, which takes place with evolution of heat. By heating to a pre- 
determined teinpej^atui'e and cooling suddenly, the sti*ucture existing at 
that temperature may be x^^'^served, with the properties which accom- 
j^any it. A. steel with 0.89 joer cent carbon consists entirely of ^^pearlite’^, 
which is made up of thin parallel plates of ceinentite and^ferrite side by 
side (a eutectic mixture) ; above 0.89 j^er cent carbon, there is a net^vork 
of cementite around i^carlite beads; below 0.89 per cent, ferrite is mixed 
with pearlite. ^^Austenite’^ is a solid solution of cementite in iron 
(ferrite). The structure of the steel may be studied by means of the 
microscoioe with photographic attachment.^- 

Steel is made into a number of forms suitable for certain uses. For 
example, in the following list, which has also the Ciuantity in thousands 
of long tons for the year 1930 (U. S.) , for companies liaving 94.3 ])er cent 
of the total ingot producing capacity: rails, 1,157; track accessories. 



Figure 267. — Photo-micrograph, of high-carbon steel, suitably 
polished and etched, magnified by 950. The white areas are 
cementite ; the banded ones are pearlite. 

516-5; shapes, 2374.3; plates, 2352.2; bars, 3897.1; concrete bars, 757.1; 
black plate for tinning, 2250.7; galvanized sheets, 1189,7; all other sheets, 
5449.0; strip steel, 2854; pipe and tubing, 2946; wire 2717.8; 

all other finished steel, 1161.2; total finished steel, 29,622.6 thousand long 
tons. 

A folleetion of 56 photo-micrographs will be found in I of ‘■'The metallurgy of steel,” 

F. W. Harboard. and J. Hall, London. Ohas. Griffin & Co., Ltd., 1923. 
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In ordinary steels the impurities also affect the properties; man- 
ganese makes the steel more elastic, hence more resistant to a shearing 
force. Chromium or tungsten raise the tensile strength; and chromium 
steel resists shocks beter than mere carbon steel. 

Extra-hard steel may contain carbon only, or manganese 0.5 to 2 per 
cent with carbon 0.5 per cent and less; or 1 per cent tungsten with 0.5 
per cent carbon; or chromium 1 per cent again with carbon 0.5 per cent. 

Gun barrels are made of chrome steel (1 or 2 per cent) (U. S.) • 
armor plate for battleships (12 in. thick) is nickel-chrome steel (3.3 per 
cent Ni, 1 per cent Cr) , case-hardened. Nickel steel (with 25 per cent 
Ni) is made in crucibles; the melted steel and melted nickel are poured 
together into a larger receiver. Nickel raises the tenacity wuthout chang- 
ing the elastic limit; vanadium has the same effect as nickel and only 
one-fifth as much is needed. A nickel steel with 3 per cent Ni, 0.40 C, 
0.1 Si, 0.60 Mn, deoxidized by aluminum, possesses after heat treatment 
a tensile strength of 300,000 pounds i:)er square inch ; it is ductile and 
tough. Zirconium, molybdenum, and other elements are also used to 
strengthen steel. 

Self-hardening tool steel, one of the most striking as well as impor- 
tant discoveries,^*^ contains chromium 2 per cent, tungsten 8.5 per cent, 
carbon 1.85 per cent, manganese 0.15 per cent, silicon 0.15 per cent, phos- 
phorus 0.025 per cent and sulfur 0.030 per cent. It is heated to 940° C., 
then cooled in a bath of molten lead, and after tliat, in the air; it is used 
for cutting tools in the machine shops, and retains its edge even though 
red hot from the friction of the cutting. 

Columbium in Stainless Steels. Several iron alloys arc briefly dis- 
cussed in Chapter 45, among them stainless steels, .which are precious to 
the chemical engineer because they resist corrosion. When stainless steels 
are subjected to heat, they become susceptible to corrosive chemicals. 
A way to preserve the non-corrosive property of the stainless steel 
consists in adding columbium (F. IVI. Becket) ; the columbium combines 
with the carbon in the steel, and the resulting carbide remains dissolved 
in the ferrite, in the straight chromium stainless steels, or in the metal, 
for such alloys as 18—8. The difficulty is thought to have been that 
chromium carbide formed a carbide which segregated. The amount of 
columbium added, in the form of ferro-columbium, is about five times its 
carbon content; to be effective, the carbon content must not be over 0.02 
per cent. 

Heat Treating. Every steel has a critical point, which is different 
for each one; for example, the critical point for .20 per cent carbon steel 
is 1560° F. (849° C.) , while for 1.00 per cent carbon steel, it is 1375° F. 
(746° C.). When the steel is heated beyond its critical temperature, a 
change in properties takes place. 

14.-iiich (bore) gun consists of gun proper, inner tube, jacket, boops and breecblock pieces; 
it requires aboul; 2 years to manufacture; it is about 40 feet long. . Tl\e smaller guiis up to 3 
inebes bave tube, inner tube, jacket, and breech -lock. T)ie jacket is forced while hot over 
the tube Csbrunlc on). 

By Taylor and White, of the Bethlehem Steel Co. 

For source and method of extraction see Chapter 49. 
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The various types of heat treating are: 1.- Annealing, which means 
heating above the critical point and holding it there for 24 to 72 hours, 
then cooling slowly while covered. 2. Normalizing, which is the same as 
annealing, cxcci:)t that the steel is allowed to cool in air, which is also 
faster. 3. Quenching or hardening; that is, plunging the steel heated to 
above its critical point, into a 10 per cent salt solution, or into water, for 
rapid cooling; or into oil, for medium rax^id cooling. Some steels having a 
high alloy content can he cooled in air. The process of quenching pre- 
serves the structure as it is at the high temperature; it produces a high 
degree of hardness. 4. Tempering, or better, “drawing,” which means 
heating the hardened (quenched) steel to a certain temperature which 
must not in any case equal or exceed the critical point, and holding it 
there for some time. Drawing moderates the great hardness produced 
by quenching, and restores some of the original ductility. Example: A .45 
per cent carbon steel quenched in water has 600 Brinell hardness; it is 
heated at 800° F. (427° C.) for one hour per each inch of thickness. The 
resulting steel has a 444 Brinell hardness. For ordinary work, these 
drawdng temperatures range from 500° F. to 1200° F. (260° to 649° C.) . 

Several classes of carbon steels, which make up 85 to 90 per cent of 
heat treated steels, are distinguished, and their susceptibilities to heat 
treatment differ. Steel with carbon from .03 to .10 per cent (3 point to 
10 point) is used for sheets, chain steel, angle iron, and is not heat 
treated; neither is the next class, .10 to .30 per cent carbon steels, which 
comx'^risc structural steel and steel which wdll be case-hardened. Steel 
with .30 to .60 per cent carbon is the forging grade; it is made into auto- 
mobile crankshafts, wrenches, and it is heat treated. (Generally, steel 
with carbon over .40 is for heat treating x>urposcs.) The next class, .60 
to .80 per cent carbon steels are for dies, chisels, punches and rails, and 
is not heat treated; while the following one, .90 to 1.05 per cent carbon, 
for automobile springs, is oil quenched and heat treated. File steel is 
1.15 to 1.30 per cent carbon and is extremely hard. 

Case-Hardening. In order to harden the surface while the interior 
remains soft and tough, steel may be enclosed in a thin case of carbon- 
rich metal, by heating it while packed in carbonaceous materials. 
Powdered bone, wood charcoal, charred leather, graphite, anthracite, 
lampblack, potassium cyanide (fused), sodium cyanide (fused), potassium 
ferrocyanide, acetylene, propane and other substances are used. The 
heating is out of contact wdth the air. The carbon of the packing slowly 
penetrates into the steel (nickel-steel automobile gears are case-hardened 
to a depth of 0.040 inch) ; the steel is usually cooled to a black heat, 
reheated to a high temperature, and then quenched, in order to temper 
the case. Balls for bearings are case-hardened, also cams, knives for 
weighing scales, gears of all kinds, rifle barrels and many other objects. 
98 per cent of case-hardened steels are treated as just described. 

Hitriding.^*^® ^^Within recent years, a new method of case-hardening 


^ Reviewed by r>r. Victor O. Homerberg, Massachusetts Institute of Technology, Cambridge, 
Mass., and Technical Director, The Nitralloy Corp-. 230 Park Ave., New York, N. Y. 
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has been introduced. Briefly, it consists in subjecting the articles that 
have been made from special alloy steels to the action of ammonia gas 
whereby a very high surface liardncss is obtained with very little or no 
distortion- This surface hardness is retained at elevated temperatures 
and the treated articles are markedly resistant to atmospheric, water, and 
to a considerable degree, salt water corrosion, 

"'Nitriding w'as originally introduced by Dr. Fry of the Krupp Works 
in Germany and has been further studied by metallurgists throughout 
the world, especially in France, England, and the United States. 

“The steels that arc used contain variable amounts of carbon together 
with approximately 1 per cent each of aluminum and chromium and 
0.2 per cent of molybdenum or about 1 to 1.5 per cent of aluminum 
and 0.75 per cent of molybdenum but without chromium. 



Figukc 26S. — 0.)iupariiij2; ni- 
tridcMl stc'cd jind carburized 
vsteel. I, Cr-Al-Mo f^tcel, ni- 
tridod ; II, Ni-Mo steel, car- 
burized; III, Cr-Mo steel, 
nitrided. (From Me tala and 
Alloy sJ) 


“The articles should possess a sorbitic structure before nitridiiig. As 
a general rule tlicy are made from matcidal that has been previously 
heat-treated. The nitriding operation is conducted by exposing the 
articles in an air-tight container to the action of ammonia gas, the flow 
of which is controlled by a suitable needle valve. The ammonia dis- 
sociates to some extent into atomic nitrogen and hydrogen in accordance 
with the following reaction: 2NH3 = 2N -f- The amount of dis- 

sociation is controlled by regulating the flow of the gas. Generally a 
dissociation of 30 per cent is desirable. The articles, after being exposed 
to the gas for the required length of time, are cooled in the container to 
room temperature, as a rule, and no subsequent heat- treatment is given 
to them. The atomic nitrogen reacts principally with the alloying ele- 
ments to form nitrides. The cause of the great surface hardness is due, 
very likely, to the formation of a supersaturated solution of these nitrides 
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in iron followed by their partial precipitation in a manner to' produce 
critical dispersion. 

^^The container for the nitriding operation should be constructed of 
materials unaffected by nitrogen or hydrogen. There have been suggested 
among others: steel with 25 per cent Cr and 20 per cent Ni; enameled 
iron, nickel, or monel metal and Inconel. 

*^The hardness, which gradually decreases from the surface of the 
core, corresponds to a Vickers Brinell value of 950 to 1200. The hard- 
ness of the surface of an article case-hardened by the^ ordinary process 
corrsponds to about 800 to 900 Vickers Brinell. 

'Tn Figure 268 th€i hardness and depth of case for three case-hardened 
steels are showm.^^ Curves I and III are for steels of the oom] 3 osition 
shown below; Curve II is a nickel-inolybdenum steel ( S.A.E. 4615), 
which was carburized 8 liours at 1650^ F. ( 900'"" C. ) , hardened by a 
double quench, and tempered at SOO'^ F. f 149° C.) . The steel marked I 
was nitrided 90 liours at 975° F. (524° C.) ; steel III is also a nitrided 
product. 


I III 

C 0.30-0.40 0.18 

A1 0.60-1.20 

Cr O. <80-1.30 3.00 

Mo 0.15-0.20 0.40 

hal;inc(‘ 


^^The commercial develoi'iinent of the Fi*y pi*ocess in the Fruited 
States is controlled b^^ the Nitralloy C'oriairation. Bt;‘sid(\s nitriding 
steels ( Nitralloy ) a cast ir(.)n, which can be nitrided, is on tlu^ markid. 
This cast iron is known to the trade as iSTitricastiron. Xitricastiron is 
being cast centrifugally with great success, but as yet, all of the variable 
factors involved in sand casting the material are not under conq^lete 
control, although marked progress is being made in this direction. 

^'ISTitriding at the present time is somewhat more expensive than case- 
hardening by carburizing. The use of ammonia in large quantities with 
a consequent marked reduction in its price together with the use of 
semi-continuous or continuous furnaces will lower the nitriding cost to 
a considerable degree. The many valuable properties of nitrided ISiitral- 
loy make this material of great value for many api>li cations wliere resist- 
ance to weai’ is an important factor. 


Crxjciblk: Steel, Electric Furnace Steel 

In the cementation process, iron bars of high x:mrity were packed in 
charcoal, enclosed in a box, and heated for periods of many days. After 
cooling (also several days), the bars virere unpacked and worked in 
variety of mechanical ways in order to make them homogeneous. The 
product was a high carbon steel, at that time the hardest (after suitable 
tempering) steel available. This lengthy process was superseded by the 

le ‘ 'Nitrid-ingr for the engineer,** O. E. Harder, JML&'tcils ami Alloy fi, 330 VT. 42 St., New York, 
N. Y., 2, 132 (1931). 
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crucible process, in which a steel of uniform composition could be made in 
less time. Melting the steel offered the additional advantage that 
additions other than carbon could be made, such as other metals, which 
had the property of hardening steel. The crucibles have in turn been dis- 
placed by the electric furnace, which may be considered rather a large 



Figure 269. — Two Tectromelt furnaces, each of three-ton per hour capacity, 
of the top charge type. When the charge is finishc^d and ready to pour, 
the furnace is tilted, and the nietal run into ladles. The furnace is 
righted, the electrodes are lifted, anchoring bolts opened, and the top 
of the furnace rotated to the left of the reader, exposing the whole of 
the interior, for easy charging of the next batch. (Furnished by the 
Pittsburgh Lectromelt Furnace Corporation, Pittsburgh.) 


crucible in which heat is applied directly to the charge, by the conversion 
of electrical energy to heat, and need not pass through the walls of the 
crucible.^'^ 

The capacity of the steel furnace is not large; it runs from 1200 pounds 
to as much as 6000 pounds (tool steel) at one pour. A coreless induction 

3-7 The Stassa,no, Keller, Girod, and BEeroult furnaces are discussed in. JBlectrocHBm. JSdet, Ind., 7. 
255 C1909>, with illustrations. See cdso Chapter 4 on. the steel furnace, in '*The steel foundry,’ 
J. F. Hall, New York, McGraw-Hill Book Co., 1922. 
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furnace has been found well adapted to melting cobalt high-speed stee! 
tungsten high-speed steely heat-resisting alloys, corrosion-resisting alloy 
and special compositions for tool and magnet steel. A. number of specia 
alloys are listed in Chapter 45. 

The materials charged are selected scrap, flux, deoxidizers, muck ba; 
(a very pure steel), ferro-tungsten, for example, and other alloys. 

It is essential to make a distinction between structural steel anc 
crucible steel ; the former is made in huge quantities, and sells unde] 
10 cents a pound, while the latter is made in small lots, and brings 8C 
cents a pound. 

Ferro-Alloys. A number of ferro-alloys are made in considerable 
quantities. Ferro-manganese and its low'er grade, spiegeleisen, are made 
in the blast furnace from manganese-bearing ores. The stronger grades oJ 
ferrosilicon, perhaps the most important ferro-alloy, are made in the 
electric furnace; ferrochrome, ferrotungsten, and ferromolybdenum also. 
The lower grades of ferrosilicon, up to 10 per cent, are made in the blast 
furnace, by increasing the coke ratio. Ferrovanadium is made by the 
thermite (Goldsclmiidt) process; ferrotitanium is made to some extent 
by the thermite ]:)ro(*oss, but partly in tlie electric furnace.^ 

There was produced a total of 592,176 gross tons of ferro-alloys (15 
varieties) in 1935, with a value of $48,891,592. 

Comparison. The relative importance of the Bessemer, open-hearth 
and other processes for steel is shown in Table 80. 

T.ABLt: SO . — PyuducLton af SLccl in the United Slates, b-y Pruccss. (Eottfj Tons.) 

( Bzcreazi of the Oeyisus.) 


1935 1934 - 1033 

Open hnarth basic 30.418,913 23,256,417 20,033.695 

Open hearth acid 438,985 274,688 304,089 

Bessemer 2,839,397 2,162,357 2,428,585 

Electric 707,515 361,825 396.344 

Total 34,404,809 26,055.289 23,162,713 


All the Bessemer steel in this table is acid Bessemer, and most of the 
open-hearth is basic open-hearth ; the latter is gaining in tonnage at the 
expense mainly of the Bessemer. 

The price for finished steel, a composite, for 1936 was $2.41 per 100 
pounds. Steel billets for re-rolling, essentially open hearth steel ingots in 
a more convenient form, averaged $30 per long ton in 1936. 

Other Pate^tt 

XJ. S. Patent 1,786,322, electric furnace for melting metal. 

Problems 

1. A charge of metal for a basic open hearth furnace weighs 225,000 pounds and 
contains 1.4 per cent silicon; the metal tapped weighs 200,000 pounds and contains 
0.004 per cent Si. All the silicon has formed calcium silicate CaSiOs. How much 
calcium silicate is obtained? 

^ '‘The ferro-alloys/' J. W. Richards, Ind. Eng. Chem., 10, 851 C1918). An up-to-date dis- 
cussion of ferro-alloys will be found in the chapter on “IMetals and Ferro-alloys used in the 
manufacture of Steel," by W. J. Priestley, pp. 615-621, in “JVTetals Handbooic,’’ 1936 ed., Cleveland, O. 
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The coiroripontiing . figures for ] )hosplior\is are 0.1 per cent in the charge and 
0.02 xocr cent, in the metal; calcium phoisx:>hato is formed, How much? 

In the acid open hearth, no lime is added; the silica forms iron silicate with the 
iron oxide, FeO ; using the figures given above for silicon, and assuming enough 
ferrous oxide to be formed, how many j^oiinds of iron silicate would be formed? 

2- A 10-ton charge in a Bessemer convertor has the composition given below: 
C 3.50 per cent; Si 2.10; P 0.04; S 0.044; Mn 0.48. Kight after the blow, before 
any addition is made, the steel contains no carbon, no silicon, no manganese, while 
the phosphorus and sulfur content are unchanged. From the heats of combustion 
below, compute the number of Btu. evolved; and comparing Chapter 12, find the 
weight of coal which would be equivalent to this amount of heat. 


1 pound of silicon on burning 1 o SiO- 

1 “ phosi)horus “ “ P^(3r. 

1 ** manganese “ “ MnO 

1 '' carbbn CO 


e\ Gives 12.700 l^tu. 
10,700 

“ 3,000 “ 

4,409 


Notk: For other problems coiisuU. “Metallurgical calculations,’’ in 2 vols., by 
Joseph W. Itichards, jlNTew York, McGraw-Hill Book Co., 1910; stool pro};)lcms aie 
in vol. 2. 
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The study of iizetals iriuolues the application of several sciences 
The extraction of the metals from their ores, and the finding of the ores 
is the task of metallurgy. In explaining the origin of the ores, metal- 
l%irgy leans on geology ; in choosing the reactions for the extraction and, 
refining of the metals, the metallurgist applies chemical science. An 
ijnportant branch of metallurgy is metallography , the study of the internal 
strxicture of metals and alloys. 


Chapter 49 

Copper,* Lead, Zinc, Tin, Mercury 


The metals copper, lead, zinc, tin, and mercury form a middle group 
of metals, more expensive than steel and iron, but cheaper than the 
precious metals. They may be described as base metals, because they 
are relatively easy of attack by acids and reagents, and because thev 
form the oxide when heated in a blast of air. The precious metals remain 
unaffected under such conditions; in fact, silver is rid of lead by oxidizing 
the latter. The relative importance of zii^c, and lead is sliown 

by the table below, ^ wliich also indicates wbaf i)orti()n of the metals arc 
produced in the United States. Mercury is less iiu])()rtant and will be 
treated separately; nickel and tin are discussed further on: 


Table 81. — Production of Oo i) pc r, 7Citic a)i(l PetnL 

United Stn W'ofld 

prodne.tion \ i i-t x 1 ijei.i* i 

Tons 

Copper 1929 1,024,213 2.118,209 

1932 254.877 086,973 

1935 379.353 1,603,132 

1936 602,875 

Lead 1929 624,154 1,753,179 

1932 251.689 1,178.556 

1935 336.764 1,420,381 

1936 368,355 

Zinc 1929 572,988 1,472,788 

1932 193.715 789,949 

1935 391,456 1.349,350 

1936 576.175 


It will be noted that for each metal, a considerable pai't comes from 
the United States; the proportion is likely to remain the same in the 
future except for copper, which may be produced extensively in Africa. 
The production of mercury is decreasing in the United States, while the 
Italian and Spanish productions are increasing. The nickel refined in 
the United States is chiefly from Canadian ores, while the tin is from 
ore shipped in from the Malay Peninsula. 

Compared with pig iron, these productions are small, but the uses of 


♦With advice from Atr. H. U. Tuniin, Min. E. CCarnegie Tcoli.>, of Buffalo, N. Y. 

P pata in -this and other tables in this chapter from “The mineral industry in 1930,” by 
G. A. Itoush, New York, IVIcGraw-Uill Book Co., 1931. 
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these metals are so specific that it would be difficult to do without them. 
It is interesting to note that copper serves to transmit ^ the electrical 
current, and to collect it at the generator ; zinc serves in dry cells ; while 
lead is the metal used in storage batteries; hence all three are closely 
connected with electrical practice. Other uses of the metals and their 
alloys will be found at the end of the chapter. 

Copper 

Copper, the red metal, occurs in the native form only in the Upper 
Peninsula of Michigan; the shafts are deep (5000 and 6000 feet). A 
number of blocks of the metal have been found which are so large that 
they cannot be brought to the surface through the shaft; and they cannot 
be dynamited to smaller fragments because the metal is soft enough 
to yield, preventing fracture. Other copper fields have combined copper, 
mainly as sulfides, but also as carbonates and silicates. Examples are 
chalcoiwrite, CuoS.FeoS;^ ; bornite (peacock ore), 3Cu2S.Fe2S3, richer in 
copper (55 per cent) ; chalcacite, CuoS, with 80 per cent cox^per; azurite, 
and malachite,'^ CuCO^.Cu (OH) 2 . carbonates; chrysocolla, a silicate. 
Malachite is of an intense green color; azurite and chr^^socolla are 
blue. When the ore occurs in veins, a. Iiigh-grade material is obtained, 
witli 8 to 12 po.v cei\t Cu; but low-grade ores are also x^i'ofitably mined 
and worked to as low a content as 1 pc^r cent. The i>rincixnil producing* 
countries are indicated in tlie table bedow: 

Tablk 82. — CapjH T P rod iic Lion. 


1929 1932 1935 

/ Metric 'tons s 

Ihiitod SUif.os 931,103 231,79cS 344,867 

Africa 156,547 140,783 268,519 

Chile 316,813 103,173 267.336 

CLLTiada 109,908 113,736 188,901 

Japan 75,469 61,780 66,000 

IT. S. S. P 25,803 30,678 63,000 

Mexico 78,708 34,100 41,622 

Spain-Portugal 48,625 29,609 31,623 

World 1,921,639 895,382 1,454,357 


Within the United States, the production in the several States and 
territories would allow the following order, for tonnage produced: Ari- 
zona, Utah, Montana, TsTevada, Michigan, Alaska, Colorado, California, 
New Mexico, and others. The Montana ores (Anaconda) are high-grade 
sulfides; in the Miami district in Arizona, the ores are low-grade sulfides. 
Nevada (Ajo) has azurite and malachite, and the mines are of the open 
pit type. The Arizona copper mines are shaft mines and in fewer cases, 
open pit type (Jerome) ; Hingham in Utah is an open pit mine. 

Concentration of the Ore. The high-grade sulfide ore, with 2 to 
8 per cent copper, is concentrated by floating off the lighter earth and 
rock with flowing water, m classifiers such as the Dorr, in jigs, or on 

® Alummuin is well suited for power transmissioxi. 

» Th.e Egyptians used malacliite for carvings. 
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shaking tables with grooves; the jigs are the older devices and are being 
displaced by the classifiers. A preliminary crushing gives the desired 
size. For low-grade ores, the crushing in jaw crusher^ or gyratories ^ 
is followed by pulverizing in ball mills ^ to ]:>ass (90 per cent) through a 
40-mesh screen. After screening, the fine material sometimes receives 
the ‘^coating oil”, with which it is intimately mixed; the oiled powder 
next passes to the flotation machines, with either 2 :>addle or air agitation. 
Alore generally, the ore receives no preliminary oil treatment. The flota- 
tion machine contains the ^‘frothing oil” suspended in water; the emul- 
sion so formed has a selective action on the crushed ore; the sulfides 
are lifted into the froth, while the worthless material sinks. The lifting 
is done by a bubble of air which adheres to the oil-moistened loarticle 
and carries it up. The frotli overflows to rotary suction filters which 
deliver a cake of concentrated ore, dry enough to be sent to the smelter. 
The flotation machine is small, and batteries consisting of many unihs 
are used. 

The oil which serves for flotation is usually creosote oil. In amount 
it is surxjrisingly small, i3erhaps one ejuart to a ton of ore. Besides the 
creosote oil, pine oil, certain coal-tar oils, kerosene acid sludge from the 
refineries, and a few others, are suitable. Mineral salts and organic 
substances are also added, with the oil. 

Without the flotation system, it is doubtful if low-grade ores could 
be profitably extracted. 

Smelting of the Concentrated Sulfide Ore to Crude Copper. 

The concentrated ore is placed on the lioartli of a rc^verbc'ratory furnace"' 
and heated with free access of air. Sometimes the ore is first melted 
and cast into pigs, and these fed to the furnace. As tlie melting imo- 
gresses, a part of the sulfide becomes oxidized, and the oxide acts on 
unchanged sulfide, liberating the metal and forming sulfur dioxide gas. 
The mass has melted by this time, and the metal sinks to the hearth; 
it is tapped at intervals. A flux is added in order to bind siliceous 
admixtures, and the slag which forms lies at the surface. The reaction 
between the oxide and the sulfide is violent and audible: 

Cu..S -f- 2CU0O = 6 Cii -Y SOu. 

The product of this oi:)eration is crude copper, called blister copper, 
because it has cavities due to escaping gases. The blister cojoper is cast 
into anode sheets for the electrolytic refining. Blister co| 3 per is about 
98 per cent Cu; it retains any gold or silver which the ore contained. 

There is another way to make crude or blister copper, consisting of 
two stejDs. First the ore is charged into the rectangular blast furnace 
(24 or 30 feet long, 4 feet wide) with coke and flux, and there melted; 
the copper sulfide remains sulfide, but the gangue is removed as a slag, 
so that the result is really a purification of the copper sulfide now called 
the “matte”. It is tapped at intervals, and used while still hot in the 


^ Chapter 44. 
^ Chapter 4. 
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next stei>, tlic Bessemer converter. The slag is also tapped at a special 
taphole. 

The hot melted sulfide is fed to a small converter (1 to 3 tons) resem- 
bling the Bessemer for steel ** with, however, an important difference: 
the tuyeres are in the side of the converter, higii enough so that the 
metal formed drops below them and escapes the oxidizing action of 
the blast. A small amount of acid flux is added, and the blowing per- 
formed. Sulfur dioxide escapes, and the metal sinks below the tuyeres; 
as the heat evolved is not so high as in the steel converter, the metal is 
less fluid, and this construction prevents the choking of the tuyeres. The 
converter is discharged by tipping. The iron impurities are oxidized and 
form silicates with the acid lining of the converter, or with the flux. 

The tendency is to combine the two steps, blast furnace followed by 
the converter, into one, by melting in the converter itself (horizontal 
cylinder) and then blowing the melted sulfide. 

Certain ores are adapted for treatment }>y the two-stage pyritic 
method, in wliich a saving of fuel is effected b^^ using the heat of com- 
bustion of the iron pyrite wliich they must contain; a (*opper matte is 
produced which is made into blister copper in one of the ways described 
above. 

There are many variations in the smelting of copper sulfides ores; in 
many cases a preliminary burning off of much of the sulfur, called roast- 
ing, is a separate process. It is performed in rotary shelf burners, 
similar to the Herreshoff furnace described in Chapter 1 ; or in the 
Bwight-Lloyd sintering machine, in which an endless belt made of cast- 
iron buckets with perforated bottoms pass over a strong suction box after 
their ore contents have been ignited by an oil flame. 

Wet Methods of Extraction, The methods just given apply to 
sulfide ores only. Azurite and malachite may be extracted by the sul- 
furic acid-leaching process; a solution of copj^cr sulfate results from 
which the copper is jirecipitatcd partly by electrolysis, the rest in powder 
form by old iron (Ajo district in Nevada). This might be called the 
acid-leaching method. 

The ore (1.3 to 2 per cent Cu) is dumped into tanks 88 feet square, 
17 feet dcGPj made of reinforced concrete, with wooden bottoms, and 
leached 8 days on the countercurrent principle. The copper sulfate 
liquor with 2.985 per cent Cu is passed into the electrolytic deposition 
cells, wdth (impassive) lead anodes, and copper sheet cathodes, on 'which 
latter the liquor deposits a part of its copper; the outgoing liquor with 
2.513 per cent Cu and a gain in sulfuric acid is strengthened by further 
leaching and reaches the cells again ; this is continued until the impurities 
have accumulated so much that the liquor must be discarded. The 
remaining copper is then precipitated by scrap iron."^ 

** Chapter 48. 

“First year of leacliing bj'' the New Cornelia Copper Co.,” Henry A. Tobelmaiin and James 
A- Potter, A'm. Inst. Alining Eng. E'ull., No. 146, 449 <1919). CoTrt'pa.re also t;he article by William 
E. GreCTiawalt, “The Greenawalt electrolytic copper extraction process,” Am. Inst. Alining Alet. 
Eng., 70, 529 <1924). 
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In tho early days of cojipcr mining in INIichio'an tlio 

+1"^ appreciable percentage of copper, were washed iSo d'” 
lake from the stamp mills; now that the mine shafts mi^st bo ^ 
than formerly, operation costs have risen and it has bcconfc mefi? kf 
to work over the discard of former days TJiis is done in nn I , 
centrating by means of classifiers and shaking^tablcs the rcniainJ T' 
leaching with an ammonium carbonate solution.^ Acid Icacldnrw' 

The old discard from the stamp mills, with 0.8 nor cent r^, io i , 

fi ed^^'^Tl dredges, screened twice, and eSf 

ed. The Dorr classifier, for example, is of the drag type. It consists 





the ;ppc?cnd •“ T ^ blades move in the sand toward 

tL saSd I to their first position while raised and outside 

the bfade« diJnZT I , ^^^hter particles which 

&oor and afZZZZ u particles arc pushed up along the 

called tL ^4ndt ^^. '^^is upper discharge 

Sll conLn?ra^d in a H ar dingo o 

Srnace ?hrwt VT^i^ concentrated portion sent to the smelting 
tron retch The WI? ^^l^ngs after suitable classification and concentra- 
?2 teet hth 54 feet in diameter, 

eSated wfth Z7i *be contents of such a tank are per- 

colated with the ammonium carbonate solution for 72 hours. At the 

Insi. Mining Met. ETecla tailings,” C. H. Benedict and H. C. Kenny, Aw, 

® Chapter 44. 
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end, the copper solution is evaporated in tank-like stills, the ammonia 
recovered and used again, while the copper is left behind in the form of 
oxide. The residue in the leaching tank is washed and returned to the 
lake. 

The chemical action is as follows: Cupric ammonium carbonate with 
excess ammonium carbonate dissolves native copper in the old discard, 
to form cuprous ammonium carbonate. This latter solution is the one 
which is distilled. The solution of cupric ammonium carbonate required 
for the extracting solution is obtained by treating* a portion of the 
cuprous ammonium carbonate solution with air. 

Still another wet extraction method which deserves brief mention 
is the one practiced at Rio Tinto, in Spain. The iron pyrite mined there 
contains 3 per cent copper. It is extracted by oxidation of the copper 
glance, CuoS, and washing out the copper sulfate formed. The ore is 
piled in heai)s 30 feet high containing 100,000 tons ; draft pipes are built 
into tlio heap, and the top has grooves and basins for the distribution 
of water. The wash water is passed over i)ig iron, which precipitates 
the copper metal. One- half the copper in the ore is washed out in 3 
months, 80 per c.ent of the other half in 2 years. The ore is called washed 
when the copper content has been reduced to 0.3 per cent. The oxida- 
tion of the copper sulfide is due to the action of air and of ferric sulfate. 

Electrolytic Refining of the Crude or Blister Copper. The crude 
copper with 98 per cent Cu is made into pure copper by electrolysis in 
a solution of copper sulfate kept slightly acid by sulfuric acid additions. 
For many years, the native lake copper was quoted one-eighth cent 
higher than electrolytic; lake copper is very pure, and very small 
amounts of impurities affect the properties of the metal to a considerable 
extent; it is now generally recognized that electrolytic copper made from 
sulfide and other ores is the equal of native or lake copper. The blister 
copper is cast into anodes, flat sheets 3 feet long by Si feet wude, and 
three-quarters of an inch thick; these are suspended at a distance of 
2 inches from the cathode, a cox^per sheet of similar dimensions except 
that it is as thin as paper (0.01 inch) . The direct current passes through 
the solution; the anode decreases in thickness, while the cathode gains. 
During the transfer of the metal, the impurities are removed in various 
ways. The noble metals, silver and gold, drop off as the copper dis- 
integrates, and deposit as the anode mud, worked up later into the 
precious metals. ISTickel, cobalt, iron and zinc dissolve and remain in 
the solution; lead and bismuth form a sulfate mud; arsenic forms an 
insoluble arsenate wdth copper, and also drops into the mud. Every 
time an anode is replaced, the muddy liquid is pumped out. 

By maintaining the proper voltage, none of the impurities plate out 
with the copper, hence its purity. The current density is 15 amperes 
per square foot of surface, the voltage 0.3 to 0.35 per plate, and the tem- 
perature 130° F. The electrolyte is circulated and periodically changed 
in order to remove the gradually accumulating soluble non-copper salts. 
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To further smooth deioosition of the copper, 4 ounces of glue are 
added to every 12,000 cubic feet of electrolyte. 

The cathode plates arc remcltcd and cast into ingots. 


Lead 

The iinx^ortant lead ore is galena, the sulfide, PbS, a black ore which 
is sometimes found well crystallized; its purity varies in the different 
deposits. Lead is also obtained from a mixed lead and zinc sulfide, and 
this in addition may contain silver. The joroduction for the different 
countries is given in Table 83. 


Table 83. — Lead ProducLioyi of the World; SinelLer ProducLion. 

1929 1932 1935 

ATetric tons 


■ — ...V j. ■ ■■ ■ " 

United States 624,154 251,689 336,764 

Australia 177,268 189.221 220,491 

Mexico 248.783 130,293 185,225 

Canada 144,392 117.676 150,012 

Germany 97,900 95.200 122.300 

Spain. 123.261 109.769 70,823 

Belo-iurn 62,213 61,548 68,000 

Total 1,753,179 1,178,556 1,420,381 


In the production of lead, the United States leads; for the several 
States, the figures are as listed in Table 84. 


Table 84. — Mine Production of Lead in the United States, in Tonfi. 



3930 

1032 

1935 

Southeastern Missouri 

198,622 

116,152 

96,941 

Idaho 

134,058 

72,118 

79,036 

Utah 

115,495 

62,776 

63,507 

Tri-State Joplin di^^lvict 

36,972 

18,131 

36,100 

Montana 

10,653 

1,079 

15,612 

><ev^ada 

11,529 

440 

12,652 

New Moxioo 

10,378 

10,114 

7,289 

Colorado 

22,130 

2,150 

5.673 

Total 

558,313 

292,968 

331,720 


Two-thirds of the Missouri production of lead is from the soutli- 
castern portion of the State, where galena is found; tlie other third is 
from the southwestern part of the State, an area rich in zinc blende and 
lead-zinc sulfides; the main product in this area is zinc. The south- 
western district is described in more detail under zinc, in the next 
division. Near Leadville, Colorado, the ores mined are mainly lead-zinc 
sulfides, carrying silver. 

The method of extraction for galena ores includes a crushing and 
screening followed by classifying in a Dorr classifier or a similar device. 
The classifier delivers at one end the “sands^% at the other, the ^'slimes”. 
The sands are concentrated further on shaking tables, which yield con- 
centrated ore, ready for smelting, and tailings which are treated further 
after pulverizing in a ball mill. The concentrated ore may be 60 to 70 
per cent Pb, from an original ore 6 to 8 per cent Pb. 
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The slimes are thickened in a IDorr thickener and filtered, yielding a 
cake containing 60 per cent Pb. 

The concentrated ore is smelted in a square blast furnace not over 
10 feet high, or on a hearth; an imiDrovcd form of the latter is the iSTewn- 
man hearth, much favored in Missouri. 

A simpler hearth for lead smelting is a shallow cast-iron box in which 
ore, fuel, and flux are jdaced, while the blast is applied from the rear, 
downward. Tlie hearth is similar to an ordinary blacksmith’s forge. 
The metal reaches the bottom and is six^honed off. Fresh ore and fuel 
are spread on constantly, and the mass is rabbled by hand. In the 
iSTewnman hearth, the rabbling is mechanical; its size is 8 feet in length, 
20 inches wide and 8 inches deep, and its capacity is over three tons of 
lead i^roduced in 8 hours. 

In the blast furnace, the ore mixed with the flux, which may be iron 
oxide and lime, and with coke as fuel, is fed in. Lead in the liquid 
form collects at the base and retains any silver or gold wdiich the ore 
contained. The lime displaces the lead in any lead silicate which might 
have formed, while the iron oxide binds the sulfur which fails to burn 
off as sulfur dioxide, as iron sulfide. The lead and slag are tap^Ded at 
different levels, ver^^ much as is done with pig iron in the iron blast 
furnace. The iron oxide used in the charge is generally cinders from 
iron pyrite from the sulfuric acid plants. 

When silver is absent, the first product is freed from antimony, tin, 
copper, zinc, sulfur, and iron, present in small amounts, by melting the 
lead and maintaining it at red heat in a reverberatory furnace. The 
impurities as oxides (except zinc) mixed with lead oxide (litharge, PbO) 
form a skin on the surface which is removed from time to time; to facili- 
tate the removal, some lime is added, which stiffens the oxides. The 
zinc oxide passes off in the fumes. 

If silver is present in small amounts, it is removed by melting the 
lead in one of series of pots and allowing it to cool slowly ; the lead, free 
from silver or x^oorer in silver, separates as crystals which float at the 
surface, leaving the silver- containing lead, or richer lead, in the molten 
state. The crystals are ladled into the pot on the left, the melted lead 
into the j^ot on the right. The operation is repeated, until on the left 
lead free from silver is obtained, while on the right a lead rich in silver 
is collected. This process is known as the Pattinson process, wdiich is 
used in Great Britain and on the Continent. 

The silver-rich lead may be concentrated in another way, namely by 
adding melted zinc, w’hich alloys with silver (gold at the very first, if 
any present) and forms a scum w'hich contains the silver, leaving a 
melted lead poorer in silver. The separation of the silver is not com- 
plete, and must be repeated several times. The scum is distilled for 
zinc in graphite retorts, leaving lead and silver; this is treated for the 
recovery of the silver as described in the next chapter under silver. 


Trans. Am. Inst. Mining Met. Eng., 54, 485 C1917). 
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The zinc process is called the Parkes process and is the standard process 
in the United States. There is a variety in the details of treatment in 
the various plants, designed to suit the particular one treated. 

The lead free from silver may now be purified in a reverberatory 
furnace, as described three paragraphs back. 

A somewhat different procedure is the Harris process, in which crude 
melted lead is agitated with molten caustic (iNa(^TI), which removes all 
the undesirable metals, including arsenic, but does not affect the silver. 
The purified lead is then desilverized. 

A portion of the lead production, perhaps one-quarter of the total, is 
consumed in making white lead and other pigments. 

Quality of Ores. When copper is present in an ore forming part of 
mixture smelted in the lead blast furnace, the aim is to recover it in the 
form of matte (copjDcr sulfide), which forms a middle layer, with the 
slag over it, the melted lead under. The matte forms only if enougli 
sulfur is present. 

Zinc is not recovered in the copper nor in the lead-smelting opera- 
tions, but passes to the slag in part, and to the fumes. Over 10 per cent 
of zinc in the slag makes it viscous, decreasing furiuicc capacity; in the 
fumes, the zinc increases losses by volatilization. There is therefore a 
loenalty of 30 to 50 cents for each per cent zinc above 1 per cent ]>er ton. 
This heavy penalty has stimulated efforts to se])arate zinc blende froin 
lead or copper before selling the ores to the smelter. There is a bonus 
on iron because it fluxes out the silica witliout requiring the addition of 
purchased limestone. There is a penalty (light) for silica above a cer- 
tain percentage. 

Zinc 

The zinc ores of industrial importance are the sulfide, ZnS, called 
zinc blende, and the carbonate, called calamine. The sulfide is white 
when pure, but the ore is generally brown or black from admixed iron 
or lead. The mixed sulfides of lead and zinc are also used, for both 
their metals. Zinc blende is more important than calamine. To these 
may be added franklinite, a double oxide of iron and zinc, and willemite, 

Table 85 . — World ProdbuLction of Zinc. 

1929 1932 1935 


■ Metric tons 

United States 572,988 193,715 391,456 

Belgium 197,900 96,330 182,660 

Canada 78,064 78.157 135,266 

Germany 102,000 41,981 124,200 

Poland 169,032 84,950 84,994 

Australia 50,804 53,655 67,909 

Great Britain 59,235 27,308 61,433 

France 91,611 49,330 51,464 

World 1,474,788 789,949 1,349,350 


Chapter 31. 

^ Bur. Mines Tech. JPaper Ho. 83^ Ch.. H- Tulton C1915)- 
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a zinc silicate, both found at Franklin, New Jersey, and actively mined. 

The output of spelter (zinc metal) in the several countries is given 
in Table 85; in a general way, the figures also indicate the production 
of zinc ore in the countries named. 

It will be obseiwed that the United States retains the lead in zinc pro- 
duction wliich it has in lead and coxiper; the two countries next in 
importance have not aj^pcared in the list of copper producers, and only 
one, Helgium,^’'^ appears in the list of lead loroducers, in the seventh place. 
Within the United States the order is also quite different; in Table 86, 
the mine production of zinc ores, calculated to zinc metal, is stated. 


Tablk 86. — Miixe Production of Zinc in the United States, in Tons. 


Tri-State or Joplin district. Mo. 

Kansas 

Oklahoma 

S. W. Missouri 

New Jersey 

Montana 

Utah 

Idaho 

N env Y ork 

Total U. S. mine production . . . 


1934 

38,261 

107,772 

7.059 

76.553 

30.721 

28.198 

24.799 

23.188 

438,726 


1935 

50,000 
134,000 
7,500 
S6.260 
54 .772 
31.102 
31.098 
23.188 
518,373 


The mine pi-oductioii docs not ciuite agree with the spelter production 
because there is a loss in smelting, and because ores are stored and 
worked up perhaps a year later. Tlic tri-state district is placed together 
because, although part of three States, it is geologically a single deposit. 
Its area is only some 10 or 15 miles square; it lies in three contiguous 
counties, Ottawa (Oklahoma), Cherokee (Kansas), and Jasper (.INIis- 
souri) , of which Ottawa County is at the present time the best producer. 
Joplin lies in the district, in Jasper County. As the table shows, this 
district is the prime producer in the United States. The ore is mainly 
zinc blende. 

After crushing, the ore is concentrated in jigs, shaking tables,^^ and 
by oil flotation; still another device sometimes used for zinc ores is the 
electrostatic separator (Huff) . The concentrated ore is roasted in rotary 
shelf burners, which arc the prototype of the rotary burner used for 
iron pyrite burning ; the sulfide is thus transformed into the oxide. 
The reduction of the oxide to the metal is performed in rather small, 
horizontal fireclay retorts, banked over each other, and set in a furnace 
receiving preheated gas and air; in this way, a high heat is applied to 
the retorts, and the metal formed within them is distilled into the fireclay 
receiver placed at the mouth of the retort. The volume of the retort is 
1.5 to 1.9 cubic feet, which are filled wuth finely divided oxide mixed 

The main mine is the iVToresnet, on the German border; it has yielded, calamine, blende, and 
galena for many generations, and has been, in continuous operation since the 15th Century CVieille 
JVlontagne Company). 

Chapter 50. 

^ Chapter 1. 
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with 25 per cent non-caking coal. The receiver is capped by a third 
piece, the condenser, in which the first vapors of the metal condense as 
a dust (zinc dust) ; receiver and condenser have an opening through 
which the carbon monoxide formed passes out ; it burns at the outlet 
from the condenser. The charge for a retort is 40 to 50 pounds of oxide. 
The metal for the main part collects as a liquid in the receiver, and is 
removed by a ladle. The number of retorts in the United States is 
103,252 (1935), distributed in 20 plants, perhaps 60 to a furnace for the 
largest furnaces. 

In the case of ores containing both zinc and lead, w'ith the zinc above 
10 per cent, the practice is to work the ore in the retorts for zinc, as 
described above. The residue is then handled as a lead ore would be. 
With the zinc below 10 per cent, the ore is worked for lead, and the 
zinc passes out as oxide in the fumes. 

Electrolytic Zinc. Just after the war, electrolytic zinc w'as a curi- 
osity; since then the demand has steadily increased. Of the United 
States production for 1935, 28 per cent is electrolytic zinc, 72 i^er cent is 
distilled zinc; outside the United States, 43 per cent of the production is 
electrolytic. Electrolytic zinc sells at 4 cents above the market for 
spelter, yet in spite of that, it is bought; the reason is tliat its high purity, 
99.999 per cent, gives it superior properties, particularly corrosion-resisting 
qualities. Its high purity is primarily the result of the necessity of 
having the deposition bath absolutely pure, if any zinc is to be deposited 
at all. 

The roasted ore is dissolved in the spent acid from the cells, iron 
added to remove arsenic and antimony, manganese dioxide (if not pres- 
ent in the ore) to oxidize the iron, zinc oxide to i:)recipitate the iron, and 
zinc metal to remove copper, cobalt, and nickel. The resulting pure 
solution is then electrolyzed. 

Indium Extraction. Indium occurs in many zinc ores, and may be 
isolated by using the following sequence of operations : the ore con- 

centrate, mainly sulfides, is roasted (at 400 to 600° C. (752 to 1112° F.)) 
to produce a calcine, mainly oxides. The calcine is leached in a series of 
Pachuca tanks with sulfuric acid. The solution carries Zn, Fe, Au, Ag, 
As, Sb, and substantially all the indium. The acid solution receives 
calcium carbonate in the last tank, w^hich causes the separation of In, 
some Fe, Au, Ag. Cu. This precipitate is now’^ treated in other Pachucas 
with acids, with air agitation. The metals redissolve. The solution is 
now treated wdth zinc metal, so that In, Au, Ag, Cu separate in the 
metallic form. These solids are treated next with 25 per cent sulfuric acid 
for 14 hour, and the solution so obtained receives hydrogen sulfide, which 
throws out Au, Ag, and Cu as sulfide, but not the indium. The slurry is 
filter pressed, the filtrate blown free of hydrogen sulfide, and sent to the 
electrolytic tanks, where the indium is plated out, practically pure. 

Moistening the ore concentrate with sulfuric acid, and roasting this wet 

U. S. Patent 1,847,622; see also 1,839,800. 
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concentrate at 1100 to 1250° F. (593 to 677° C.) leads to increased yields 
of indium. 

Another method provides for the recovery of indium (and gallium) 
from the lead-containing retort residues in the zinc distillation process.^^^ 


Tit.- 

Tin ore is obtained from river gravel, and is concentrated by wash- 
ing essentially as for ores discussed in the preceding di\dsions. The 
total production of tin ore expressed as tin metal, for the world (1935) 
was 146,471 long tons, of which 45,919 tons originated in the Malay Pen- 
insula and were shipped in part to Raritan, IS’ew Jersey, for extraction, 
while 27,168 tons of Bolivian origin were shipped to Great Britain. 
The metal is obtained by reducing the ore, which is generally the impure 
oxide, SnOo, with coal on the hearth of a reverberatory furnace. The 
crude metal so obtained is refined by placing it, after solidification, in 
the furnace and heating gradually, so that the melting is slow; the first 
metal is the purest; this system is called liquation, and is used for some 
of the other metals also. A further refining is by melting the metal in a 
pot, and suspending in it poles of green wood; the gases formed agitate 
the metal, and tlie impurities oxidize, forming a scum which can be 
removed. Poling is used for other metals also. 

Mercury 

. The chief ore used for the extraction of mercury is the sulfide, HgS, 
cinnabar, a red ore. The chief United States producer has been Cali- 
fornia (the new Idria mine in San Benito County) ; the production for 
Spain for 1936 and 1937 wdll suffer from its unfortunate civil war. 

Tablk 87. — World Prod^iclion of Mercury in. Metric Toiis. 

1929 1932 1935 


United States 817 435 595 

Spain (Almaden) 2,476 816 1,227 

Italy 1,998 1,016 878 

IVTexico 83 253 216 

Total 5,610 2,850 3,330 


The production for mercury is usually given in terms of flasks (made 
of cast iron) of 75 pounds each; as a result, such figures are larger, 
numerically, and likely to lead to an overestimation of the mercury 
production; in the table above, the usual ton (2000 pounds) has been 
used, so that comparison with any other metal in this chapter, and in 
the two preceding ones, may be made at a glance. Mercury is quite evi- 
dently of minor importance ; its uses have diminished ; mirrors are not 
made with its aid any more, and the amalgamation method of removing 
gold from the accompanying rock is giving place to the cyanide method. 

isb XJ. s. Patent 1,912,590. 

Silver -indium alloys are presented in Ch-apter 50. 

TJ. S. Patent, 1,855,455 ; 1,886,825. 
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It is still used in countless ways of semi-scientific nature, but in amounts 
very small. A considerable use remains in dental fillings, and even this 
use will call for less new metal than formerly (at least in proportion) 
now that the mercur^^ from the waste amalgam, reworked primarily for 
its silver, is recovered. Mercury is consumed for the manufacture of 
mercury fulminate, which has held its place for the explosives of war as 
well as peace explosives. Mercury as the working substance in boilers 
and turbines is presented in Chapter 12. 

Cinnabar is roasted; the free metal and sulfur dioxide form. They 
pass together into a series of chambers where the velocity of the gas 
is reduced; the mercury deposits, while the sulfur dioxide passes out. 
The partly cooled gases may also be passed through small air-cooled 
glass condensers (aludels) . The metal may be refined by distillation. 
Mercury alloys with many metals, to form amalgams but not with 
iron nor with platinum; the metal it attacks easiest is gold. 

ISTicicel 

Almost no nickel is mined in the United States. The world pro- 
duction in 1935 was 80,000 tons of nickel metal, of which 69,044 tons 
were produced in Canada. The production will undoubtedly continue 
to increase in coming years, especially if monel metal is included. Tlie 
chief ore is pendlantite, a complex sulfide of iron, cop])er and nickel 
found in the Sudbury district, its nickel content is 3 to 3.5 per cent. 
Alonol metal is discussed in chapter 45. 

The deposits in New Caledonia in the South Pacific, tlie main source 
of nickel until the Sudbury basin was discovered, consist of an oxidized 
ore of the gamier ite type. 

At Copper Cliff (Sudbury) the mixed sulfides arc ground fine, classified, 
roasted in Herreshoff burners to remove some of the sulfur, smelted in 
reverberatory furnaces and blown in llessemcrs with addition of silica- 
bearing fluxes to remove most of the iron as a slag. The still impure 
mixed copper and nickel sulfide is then treated by a special process 
(Orford) in order to concentrate each. It is heated in a reverberatory 
furnace wdtli sodium sulfate and some coal, so that sodium sulfide results. 
An essentially homogeneous melt results, which is run into medium-sized 
receptacles and allowed to cool slowly. There is formed at the bottom a 
hemispherical cake of nickel sulfide with still some copper sulfide, over 
it, a ^Tops^^ of copper sulfide with still some nickel sulfide, and throughout 
both, sodium sulfide. The bottoms are concentrated further by a second 
melting, and perhaps a third; similarly the tops. The separation is a 
physical process; the sodium sulfide serves as floating agent. 

The bottoms with 74 per cent Ni and 1.5 per cent Cu are sent to Port 
Colborue, where they pass successively through a jaw crusher, a ball 
mill, a 10-mesh screen, to reach a rectangular lead lined tank with false 
bottom. In this tank, the ground material is leached with hot water to 

In 1935 , 29,880 tons of nickel metal were imported, mainly from Canada. 
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remove sodium sulfide, then, with sulfuric acid to remove most of the 
remaining iron. The nickel sulfide, now with 76 per cent Ni and 24 per 
cent S, is divided, and treated further in two ways. One is by roasting 
on a IDwight-Lloyd sintering machine; the resulting oxide is mixed with 
20 per cent coal and heated in an open hearth furnace to give the liquid 
metal, 96 per cent pure, (2 per cent Cu, 1 per cent Fe, S, Co) which is cast, 
when the furnace is tapped, into thick slabs weighing 490 lbs. These are 
purified by electrolysis. 

The other way is by calcining in a one-hearth calcining oven, with 
rabbles ivhich stir the ore and also move it at a slow rate toward the 
hot end, where an oil flame supplies an intense heat, in order to insure the 
removal of the last of the sulfur. The resulting nickel oxide goes in part 
to the Mond reducer, a shelf tower with rabbles, where it is reduced to 
nickel. In part, this metal serves in the purification of the electrolyte 
liquor, by precipitating an equivalent amount of copper. The black 
oxide is sold to a considerable extent to potteries for decorating tableware. 

The Mond reducer works at 400^ F. (204"=^ C.), is 35 feet high and is 
built of cast iron sections, each having a heating cliamber, surmounted 
by tw^o shelves, one with central, the other with circumferential discharge. 
A central vertical shaft carries the arms and rabbles. The oxide moves 
down, as water gas j^asses upward; from the top, the not quite exhausted 
water gas is led back, and is burned to furnish the heat (supplemented 
if needed) to the heating chambers. 

For the purification, the anode is suspended in a solution of nickel 
sulfate, and the metal driven aci-oss to the nickel starting sheet (28" X 36") , 
itself produced by depositing the nickel for 3 days, from the same bath, 
on aluminum, then strqiping off the thin nickel sheet. Tlie anode cycle 
is 41 days. The electrolytic tanks are concrete, 5' 2" deep, coated wdth 
gilsonite, with divisions accommodating 31 anodes and 30 starting sheets, 
each anode facing a starting sheet less than 2" aw^ay. The voltage is 2^ 
volts; the current density 12 amperes per square foot. As the nickel 
anode dissolves, copper and iron enter the electrolyte; they are prevented 
from plating out by the continuous removal of the electrolyte to a puri- 
fication system and the continuous infeed of purified electrolyte into a 
canvas box enclosing the cathode so that an electrostatic head can be 
maintained which prevents the foul solution from reaching the plate. 
The precious metals, on the other hand, remain as a mud on the last 
thickness of the anode; they are collected, treated as nickel anodes again, 
for concentration, this time with bags around the anode. The anode mud 
is then collected and sent to Acton, England, for the recovery of Pt, Pd, Rh, 
Ru; there is no gold nor silver. 

The purification of the nickel sulfate electrolyte is by treatment in 
Pachuca tanks with nickel powder to precipitate copper, a Dorr thick- 

lea A Pacliuca tank is a tall tank 30 feet to 40 feet high, 14 feet in diameter, with a conical 
hottonoL, generally huilt of wood- A. hollow coltxmn is set upright in the center of the tanki. A 
stream of compressed air is fed in at the hase of the column, driving the “pulp" or slurry upwar^d, 
and causing it to descend in the wider part of the tank. The air circulation may be supple- 
mented by a stirrer, dr a pump, or both. 
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ener to remove remaining solids; oxidizers, followed by addition of nickel 
carbonate, to precipitate iron, and make good the resulting droxo in pri(rise 
in acidity) ; the electrolyte is kept at a pn of 5.2. The liquor is filter- 
pressed, and is then read^^ to be fed back to the plating tanks. The 
capacity of the plant is 420,000 lbs. of 99.95 per cent nickel per day. 

In the Mond recovery process, in operation in England, nickel in the 
metallic form is volatilized by means of carbon monoxide at IOC C. 
(212'" F.), forming the gaseous Ni(CO) 4 - Heated to 180° C. (356° F.), 
nickel carbonyl decomposes, leaving the metal behind; the monoxide inav 
be used over again. The deiDOsition is done in small towers, and on nickel 
shot from previous runs, which are screened to remove the larger sizes. 
The smaller sizes receive the new deposits, and acquire a structure verv 
much like that of an onion. Before passing through the volatilizing tower, 
the ore goes through the reducing tower, similar to the system at Port 
Colborne, just described. The same ore passes reducing tower and 
volatilizing tower several times. 

Over the year 1935, nickel was quoted at 35 cents a pound. 


Ci-iromixjm: 

While fuel-fired furnaces have in the past produced an iron alloy 
with a maximum of 3 per cent chromium, the electric furnace produces 
alloys of any chromium content, even 99 per cent chromium. The uses 
for chrome steels and the importance of chrome plating have been dis- 
cussed (Chapters 45 and 48). ISTichrome is a nickel-chrome alloy, with 
high resistance to the electric current. Stellite contains chromium, cobalt 
(75 per cent) and tungsten; it is used for high-speed cutting tools, for 
gears, valves, lathe centers, etc. It is non-magnetic. 


COLXJMBIXJAl 

In the treatment of stainless steels by columbiurn addition, in order 
to preserve their corrosion resistance even when heated, and to improve 
their suitability to welding, large quantities of the metal became neces- 
sary. Until recently, the stock of columbiurn consisted of museum 
samples. Since 1936 it is obtained in fairly large tonnage, from a deposit 
low in tantalum, from African columbite.^^*" A preliminary selective 
reduction is follo^ved by chloridizing, in order to combine with tin, whose 
chloride then passes out by volatilization. The residue is reduced with 
aluminum, or silicon, in an electric furnace, with the production of a 
ferro- columbiurn containing 55 per cent Cb, suited to steel making. The 
production per annum is estimated at close to 500,000 pounds of colum- 
bium; all of it produced and consumed in the United States. 


. from a laboratory curiosity to a widely used commercial product," James H. 

Critchett, Trans. BUctrochem. Soc., 69, 63 (1936). See Chapter 48. 
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Additio^tal Properties Ajstd Uses of tpie Metals; Alloys 

The main use of copper is for electric motor and generator construc- 
tion and for transmission lines, as stated in the introduction; it is also 
used for roofs, flashings, gutters, and conductor pipes ; a copper roof coats 
itself with a layer of green carbonate and oxide which prevents further 
action. Lead when freshly scratched has a bright surface, which, how- 
ever, tarnishes within a few minutes; lead is soft, and as such is used in 
the chemical industries and for covering electrical cables placed under- 
ground and undersea. Lead is hardened by adding 1 to 10 i>cr cent anti- 
mony. Lead and zinc for storage batteries and dry cells respectively 
have been mentioned. Both of these metals are made into pigments, 
and the interesting suggestion has been made, now that titanium pig- 
ments are available, that the lead be reserved for storage battery work, 
letting the titanium pigment replace white lead.^^^ I^eacl wire is used 
for electrical fuses. A considerable use for zinc is in galvanizing; in 
1935, 195,000 tons of zinc were used for this purpose in the United 
States. Tin plating is less imi)ortant now than formerly. T^ead (60 
parts) and tin (40 parts) form the valuable and much-used solder- 
Nickel is electroplated on iron, or better, on iron x>rcviously plated with 
copper; the nickel coat has no luster until the article is buffed. A few 
statements concerning metals are condensed in Table 88. 

Taklk 88. — Properties of Metals. Price in Cer/ts per Pound. 


Melting Elt'ctritriil 

Alav 1s1 , Spf.>cifie Point 0<»n«luc- 

1029 1932 1035 1937 Color Oravity ® F. “ C. tivity 

Copper .... 18.23 5.67 8.76 14.0 red 8.9 1891 or 1083 100 

Lead 6.3 3.0 4.0 6.0 white 11.4 621 or 327 8 

Zinc 6.49 2.88 4.33 6.75 white 7.2 786 or 419 27 

Tin 45.19 39.12 50.39 55 white 7.3 450 or 232 12 

Mercury . . . 160.7 ... 96 ... white 13.6 liquid 2 


The alloys are very numerous, even of the type containing two metals 
only, for the proportions affect the properties materially ; thus for 
brasses, the color is affected, as w^ell as strength, ductility, hardness, and 
malleability. Brass consists of copper and zinc. Bronze is copper and 
tin, wdth perhaps a small amount of zinc. Bearing metal, such as Babbitt, 
contains tin, 89 per cent; antimony, T per cent; copper, 4 per cent (for 
Babbitt No. 1). There are other bearing metals in wdiich copper is the 
main constituent, and still others which contain much lead; for example, 
Frary metal, 98 per cent Pb and 2 per cent Ba. Type metal must expand 
on cooling, so that the letters will be sharp ; an example is the composition 
lead, 80 per cent; antimony, 20 per cent. Fusible alloys for fire extin- 
guishers (automatic) contain tin, lead, bismuth, and either cadmium or 
antimony. Brasses are yellow to red; bronzes are brown; all the other 
alloys given above are white. 

Chiapter 45. 

1® Ch-apter 31 
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rotary furnace; 1,849,293 and 1, 961251, Lprovement to tte fnd ‘Q a 
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For many ceninries, gold has been a synonym for uoealth; to find gold, 
man njoill undergo untold hardships and risk his life, as demonstrated iru 
the gold rush to California in 18Jf9, through the desert; and again in the 
Klondike gold rush of 1896. In numerous mining and smeltmg yroo- 
esses, on the other hand, it is a humdrum operation^ uithout excitement; 
the gold is just a by-product of copper. Gold is a unique comnzodity in 
that its price does not fluctuate loith supply and de7nand, but is fixed 
by laro. The former figure of $20.6718 per fine oxince roas changed thi'ough 
decrees and legislation betvoeen August 9, 1933, and Januai'y 31, 1934? to 
$35 .00. In terms of gold, the dollar is cheaper . 


Chapter 50 

Gold,* Silver, Platinnin., Radium, Thorium, and 

Cerium 

The unit in which prices for metals are quoted varies; pig iron is 
quoted by the ton ; cor^per by the loound ; but the precious metals are so 
valuable that they are quoted by the ounce. Gold has a fixed price, 
$35.00 a troy ounce (31.10 grains), the figure which superseded the pre- 
vious one of $20.67, in 1934. Silver varies in price, but the United States 
government bu^^s all offerings at 77.57 cents, in 1936 and 1937, while the 
1935 figure was 71.11 cents, which may be compared with the 1930 open 
market figure of 38.47 cents a troy ounce. Platinum is in the neighborhood 
of $32 an ounce, while palladium is lower. Osmium, iridium, and rhodium 
are also jirecious metals. In a geiKU'al way, the ])rice reflects the scarcity 
of the metal; tlie scarcer tlie metal, the higher tlie price. Thc^ low i)rice 
of iron reflects its abundance. 

Radium belongs to the precious metals as far as price goes, but it is 
not prei^ared in the metallic form; it enters the market in the form of 
radium bromide, RaBro. It occurs in such small cxuantities and the 
extraction process is so long, that it is quoted in gram lots, in the neigh- 
borhood of $30,000 per gram. The total amount of radium in the world 
in the form of marketable salts is not over 250 grams (end of 1936) . 

Radium concludes the list of precious metals. The rare earth metals, 
such as thorium and cerium, rarely- enter the market in the metallic 
form, but usually as manufactured articles, the oxides in the Welsbach 
gas mantles, the metals in pyrophoric (fire-producing) alloys. They 
may be considered as forming a special class which would include other 
rare earth metals, also tungsten, molybdenum, and perhaps vanadium 
and uranium. 

The precious metal scrap is saved with great care and brings high 
prices; it is reworked into pure metals and useful shapes; as a result 
more finished metal is refined than the amount of ore mined would indi- 
cate. 

* Witli the assistance of Mr. Reginald Williams, Gold expert, Buffalo, N*. Y. 

809 
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Gold and the platinum metals are found mainly in the free or metallic 
state (native metal) ; silver occurs partl 3 ^ native, partly as sulfide and 
other compounds. Native gold is rarely free from silver. In addition 
to deposits worked solely for their precious metals, there are many 
copper and lead ores which contain silver and gold, and these ^'values’’ 
are isolated in the process of refining. 


Gold 

Gold deposits worked jirimarily for their gold content occur in manv 
parts of the world, as indicated by Table 89 : ^ 


Table 89. — World De^pofiits of Crold and Their Prod uetioit , 


Tro y Oiin ces. 


1932 


1935 


Transvaal 11,558,532 

Ttliodesia. West Africa, Con^^o, Madai»:ascar 1.177,447 

U. S. S. 'R 1,990,085 

United States 2,449,032 

Canada 3,050,581 

Australia, ISTew Zealand 998,267 

Japan 642,663 

Mexico 584,487 

China 225,707 

British India 329,632 

World total 24,150,761 


10,776,684 

1,957,323 

5,831,106 

3,546,169 

3,280,457 

1.349,574 

871,000 

682.257 

343;000 

324,816 

31,279,386 


Within the United States and territories, the distribution is shown in 
Table 90: 


T.^ble 90. — United States Deposits of Gold, and Their Prod iictlon, iyi Troy Ounces, 


California 

South Dakota 

Alaska 

Colorado 

Arizona 

]Sr evada 

Utah 

Montana 

Idaho 

Oregon 

Philippine Islands 

United States and Philipinnes, Total 


1935 

890,430 

567,230 

469,495 

349,281 

241,755 

188,031 

184,838 

151,088 

83.823 

54,160 

451,814 

3,688.909 


1936 

1,049,600 

590;679 

530.000 
364,713 

310.000 
284,700 
224,500 

179.000 
80,000 
59,900 

599.000 
4,329,273 


Gold occurs native in two kinds of dejiGsits: hard ores which must 
be crushed to free the granules of gold, and alluvial gravel which may 
be dredged. The hard ores are generally “free-milling ores’% that is, 
on crushing them under the hammers (stamps) , the gold is freed enough 
to be extracted by amalgamation or by cyanide solution. The hard 
ores include the auriferous iron pyrite, in which the gold is in the free 

1 The figures in all tables in this chapter are from “Mineral Yearbook 1936," publ, by the 
Bureau of Mines, tJ. S. Department of the Interior, or from special releases furnished by this 
Bureau; supplemented by selected items in “The mineral industry during 1935,” G. A. Roush. 
New York, McGraw-Hill Book Co., 1936 . 
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state, and may be extracted by the cyanide solutions, without pre- 
liminary roasting, but not by mercury. In combined form the chief ore 
is the telluride. The second form in which gold-bearing material occurs 
is as alluvial deposits, chiefly gravels found in the beds of certain present 
rivers and of rivers of prehistoric times. Within the United States, about 
as much gold is obtained from lodes (that is, hard rocks) as from 
gravel- The gravel dej^osits are called jilacers, and may be mined for 
less money than the hard rocks, for the gravel clocs not require crushing. 

Gold nuggets of various sizes have been found in several parts of 
the world, the largest containing 2284 ounces of gold (Victoria field, 
Australia), and give the impression that gold-bearing material is rich; 
but the opposite is true; nuggets are exceptional, and rich veins of gold 
are rare ; the amount of gold in the ores is extremely low. Hard rocks 
with 1 part of gold to 70,000 parts of worthless gangue are common, 
while ores with 1 part in 300,000 - may still be worked at a i:>rofit. For 
placer deposits, the amount of gold may be still lower and still permit 
profitable operation. 

Gold-bearing Quartz and Other Hard Rocks. Gohl-bearing rocks 
are usually discovered by an outcrop, whicliL soon leads into tlie ground 
so that shafts must be constructed and the ore lifted to the surface. 
It is crushed in gyratory and jaw criishers,'^ or stamps, of which the 
latter are the older practice, A stamp battery consists of 5 hammers 
(stamps) with long stems; they are lifted by a cam, and drop by gravity 
onto the ore resting on a steel die at the bottom of a cast-iron crucible 
which accommodates 5 dies. Water enters from one side and leaves 
carrying the crushed rock on the other. The slurry may be worked for 
its gold in several ways ; it is allowed to flow over slightly inclined 
amalgamated copper plates, which retain the gold, allowing the gangue, 
but also the auriferous pyrite, to pass. The discharge from the plates 
is then extracted with cyanide solution. Or, mercury may be added 
to the stamp crucible (direct amalgamation). The amalgam from the 
plates (scraped off) or from the stamps is pressed in soft leather or 
flannel bags to remove the liquid mercury, and the remaining amalgam 
is retorted. The product from gyratory and jaw crushers is treated 
similarly. Not infrequently, the crushed material is first concentrated 
on a shaking, inclined table over which water flow’s, carrying off the 
lighter gangue; the concentrates only are passed over the amalgamated 
plates- 

Cyanide Process. The tailings from the amalgamated plates still 
contain some gold, w’hich rnay be recovered by treating them with a cold 
sodium (or potassium) cyanide solution in the presence of air. It is 
becoming the custom to dispense with the amalgam method of recovery 
and treat the crushed ore directly with the cyanide solution. The ore is 

2 The* South Dakota mines at Head and Deadwood recover gold worth $3.50 per ton of rock; 
the "Dome mine at iPorcupine (Ontario) recovers jgold worth $7.80 per ton (hased on $20.67 an ounce). 

® Chapter 44. 
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first reduced to fine powder in a ball mill, and the product is then 
agitated, cold, in a series of tanks, with a dilute cyanide solution: 

4Au 4- SKCN 4- 4- 214^0 = 4KAu(CN):2 4- 4KOH. 

The cyanide method lias among other advantages this one, mentioned 
before, that gold accompanied by pyrite may bo extracted without roast- 
ing, after fine grinding. 

The cyanide slurry is filter-pressed; the filtrate contains the gold. In 
order to isolate it, metallic zinc in the form of shavings is added; the 
gold powder with excess zinc is treated with sulfuric acid, which removes 
the zinc and leaves the gold. The latter is then melted wdth fluxes in 
a furnace and refined in any one of various ways. The precipitating 
reaction may be represented as follows: 

2KAu(CN)ij -i- 2Zn 4- 2l-hO = 2Zn(CN):i H- 2An -1- Ih -|- 2KOH. 

At some iniries, the cyanide solution is passed into a pebble mill of 
the continuous type (Ilardinge so that dissolving and pulverizing go 
on at the same time. 

The cyanide solution leaving the zinc-gold is brought u}) to tlie standard 
strength, and is used over again. 

Gold Telluride, Tcllurides of gold arc widely distributed, occurring 
for exami')le at Cripple Creek, Colorado, in Calaveras (bounty, California, 
and in w^estern Australia. Calaveritc is a bronze-yellow ore, AuTc 2 , 
with a small amount of silver; 40 per cent Au, 56 per cent Te, 3.5 per 
cent and less Ag. Silver tclluride with some gold (7 per cent or less) 
also occur. It must be roasted in a furnace in order to remove the 
tellurium as dioxide, before treating with cyanide. 

Placer Mining. Placer mining furnishes about three-fourths of the 
world's gold; placers are the source of most of the gold in South Africa, 
Russia, the Klondike, and of part of the gold mined in California. The 
gold-bearing gravels at the surface of the earth are the result of the 
weathering and erosion of gold originally deposited in hard rock as lodes. 
It is reasonable therefore to look for a lode near-by wdren a gold-bearing 
gravel has been located; in many cases, the lode has been discovered. 
The large-scale method of operation is by dredging, washing the gravel 
on the boat, discharging the \vaste stones, and concentrating the gold 
from the sand on shaking tables. The dredge brings up the gravel by 
means of steel buckets on an endless chain; it is dumped into a trommel 
and rotated there while water is played on it; the sand passes through 
the perforations in the trommel and drops onto the shaking tables (also 
called classifiers) and concentrated there. The concentrates are carried 
to the extraction plant. Care is taken to dump the waste in one direc- 
tion while the dredge moves forward in the other, so that no gravel will 
be reworked. One or two men operate the dredge. 

Dredging is done not only on rivers which have a flow of water, but 


* Chapter 44. 
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also in dry territory, provided water may be sent in by pipes from a 
river or lake not too far distant. A pit is dug, large enough to accom- 
modate the dredge, and enough water pumped in to float it; operations 
then proceed as they would in a river. 

Dredging is an extension of the hand operation called panning, still 
employed by prospectors and by individual operators without other 
equipment. The pan is a circular dish wdth a small i^ocket in the bot- 
tom; it is filled with gi'avel, and held under a gentle stream of water; 
on rotating it, the lighter parts are gradually floated off, and the gold 
particles are found in the pocket. 



Figure 271. — Principle of a shiiking table (Wilfley). 

Water enters from trough 1-2; slurry from 2-3; the 
table movies as shown by 7 ; 1-S is sev’eral inches 

higher than 3-4, so that the concentrates move up- 
hill and are discharged at 6; the ganguo goes otY 
at 5. The table is (‘ovored with linoleum, on which 
the riffles are tackotl as ]Mo\'ing iiu'ciuiiiism 

not drawm. 

Hydraulic Mining. Another extension of panning is hydraulic 
mining, in which powerful streams of ^vater discharged through nozzles 
as large as 11 inches in diameter are played in a solid column against 
the side of a hill whose gravel is gold-bearing. The gravel is floated 
along gullies to a sluiceway, an inclined plank floor with cross-pieces, 
against which the gold particles lodge. Once a week, or more often, the 
water is turned off and a “clean-up’' performed; the cross-pieces are 
removed and the gold collected. Mercury may be added to the sluice 
box; it will lodge against the “riffles” also and retain the gold. 

Gold is rarely free from silver; placer gold is generally purer than 
lode gold. 

Gold may also be removed from crushed rock or gravel by chlorination. 

Purification of Gold. The native metal or metal recovered from 
scrap may be purified from base metals such as lead by the furnace 
process called cupellation and described under silver. 

In order to remove any silver in the gold, either a sulfuric or nitric 
acid treatment is performed, or an electrolytic method, that of IVfoebius, 
is employed. In the acid method, the silver is dissolved and leaves the 
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gold behind, but the protective action of the gold is so great that unless 
the silver present amounts to 80 per cent, the acid has no effect. Gold 
which contains less silver must first be melted with an extra amount 
before the separation from the silver, called the '"parting,” is effected. 

The electrolytic method is the one usually employed in the United 
States. The anodes are dore silver, that is, gold-bearing silver; the 
cathode is a movable silver belt with a light coating of oil. The belt 
moves in a trough of redwood coated wdth an acid-resisting j^aint. The 
bath is silver nitrate kept slightly acid with nitric acid. The belt moves 
under the cathodes and is brushed off automatically at the turn, deliver- 
ing silver powder. Each anode is hung in a fabric basket in which the 
gold slime deposits. The slimes are collected at intervals, washed with 
sulfuric acid, and melted for gold metal. 

Properties and Uses of Gold. The pure metal may be hammered 
so thin that 250,000 sheets are required to make ui) 1 inch in thickness; 
the sheets are used for lettering book bindings. For coinage, gold is 
alloyed with copper, which hardens it; the pure metal is too soft for 
coinage purj^oses. The United States coinage is 900 fine (900 parts 
gold and 100 parts copjoer) , For jew^elry, alloys with various proportions 
of gold are used, expressed in terms of carats; pure gold is 24 carat, 
18 carat gold is 75 x^er cent gold. In dental work, gold is of great value, 
for it is unattacked by saliva or foods. 

Gold is permanent in the air; it is unattacked by acids (except aqua 
regia and selenic acid) ; its characteristic yellow color is redder in copper 
alloys, greener in silver alloys. White gold is the j:>alladium alloy. 


Silver 

Silver is found alloyed with gold, and to a minor degree, as metallic 
silver enclosed in silver ores; the more general occurrence is in the form 
of compounds, and of these the sulfide of silver, argentite, is the prin- 
cipal ore. As stated under gold, much silver is recovered from copper 
and lead ore, during the refining process. It is interesting to note that 
in several localities in which gold, silver, and copper have been mined, 
the gold is above the silver, and the silver above the coiiper, so that a 


Table 91. — Woild ProdiictioTi of Silver, imx Troy Onvccn. 


1932 


1935 


Mexico (Guanajuato, Sonora) 69,303,054 

United States 23,980,773 

South America (Peru, Bolivia, Chile) .... 11,190,661 

Europe 13,144,462 

Asia 13,719,511 

Canada 18,356,393 

Australia, New Zealand 9,492,726 

Belgian Congo 1,864,700 

Central America 4,300,000 

World 166,927,841 


75.606.000 

44.825.000 

23.500.000 

16.475.000 

15.820.000 

15.763.000 

12.310.000 
3,900,000 
3,000,000 

213,753,000 


^ No longer binding by law; since April, 1933, the United States ‘‘have been. ofF the gold 
standard," that is, the gold coin may be minted as low as 450 fine, at the discretion of the President. 
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mine started as a gold mine became a silver mine and later a copper 
mine as the depth of the shaft increased (Old Dominion Copper Com- 
pany, Arizona) . As with gold, much of the refined silver has its origin 
in silver scrai;>. The countries which produce the bulk of the new silver 
are indicated in Table 91. 

It will be noted that the Transvaa.1, which leads in gold production, 
does not appear in the table; its silver production is only 1,047,000 
ounces (1935). On the other hand Alexico, which is sixth in gold produc- 
tion, leads all other countries in silver produced. The production of 
Bolivia is slightly less than that of Germany, while that of Peru is five 
times greater than that of Spain. It wdll also be noted that the w^orld^s 
production of silver is much greater than that of gold. Within the United 
States and territories, the main producers are shown in Table 92. 


Pable 92. — Lrntf^d ProrinctiarL of SilDer, in Troy Ounces. 

1932 193o 

Idaho 10,240,953 14,400.000 

Montana 9,322,951 11.235.000 

Utah 9,227.673 10.115,000 

Arizona 6.601,280 8,125,000 

Colorado 4,696.064 5.814.119 

Xevada 4,393,426 4.970,000 

California 1,191,112 2,026,700 

Texas 1.000.960 1,383.000 

jSTew Mexico 1,061.902 1,141,000 


United States, Philif^pinos. Total 48,862,013 60;667,034 

In Guanajuato, the ore is of the free-milling type, with the metal 
in the native state; this district is losing in importance, while a new 
jVIexican center, Parral, in Chihuahua, is gaining. 

For the sulfide ore, argentite, the process consists of a roasting on the 
liearth of a reverberatory furnace, followed by addition of charcoal and 
further heating to reduce the oxide to the free metal, which is run off in 
the molten state. 

If the ore is lead-bearing, as it often is, more lead may be added until 
a free-flowing (easily melted) metal is obtained from the first ore treat- 
ment, and this lead alloy is put through the process of cupellation which 
removes the lead in the form of the oxide, PbO, litharge, leaving the 
silver metal on the hearth. 

The cupel might be described as an open-hearth furnace with the 
hearth of special construction; it is made by ramming bone ash into 
an iron form; the bone ash is moistened with a potassium carbonate solu- 
tion. in the center a shallow depression is scooped out. After drying, 
the cupel bottom is ready for use. Its function aside from furnishing 
a refractory base of non-contaminating material is to absorb a portion 
of the fused litharge, litharge solution of base metals, and liquid slags 
formed by the addition of fluxes. The greater part of the litharge is 
run off through a gutter and collected; if made from a rich alloy, it may 
retain ^ome silver and must then be reduced again in the reverberatory 
furnace, and cupelled again; if made from a weak alloy, it enters the 



816 


INDUSTRIAL CHEMISTRY 


market, and is used, for instance, for making the brilliant lead-notash 
glass for tableware. A lead alloy containing 500 ounces to the tor. io 
considered a weak alloy ; one containing 4000 ounces to the ton a rich one 

The process requires a blast of air directed onto the metals on the 
hearth, while at red heat. The end of the operation is reached when 
the last film of oxide is removed; the silver flaslies out brightly reflectino- 

furnace as a mirror would. The puritv of the silver if 
99.8 per cent, or 998 fine. ^ =>^ivei is 

The cupel is used not only for silver but also for other preciou=! 
metals; a silver-gold alloy is usually the result of cupellation Bone 
ash crucibles may be used as well as a hearth of bone ash. 

Silver is prized for its beautiful color; its surface takes a high polish 
Its uses depend in part upon its superior color and its stability in the 

air (jewelry, tableware). Silver coins usually contain 5 to 10 per cent 
copper. ^ 

An important use of silver is in photograi)hy,« in the form of silver 
bromide and chloride, sensitive to light; another commercial u.se of silver 
sa.lts (the nitrate) is in making mirrors.^ 

Indium, It was discovered that the addition of indium to silver 
renders such silver, whether solid silver or plated ware, tarnish-proof’« 
1 he indium may be incorporated in the silver by hanging two cathodes one 

^ silver rod, in the plating bath, with the two double 
salts of potassium cyanide and indium and silver, dissolved in the platin« 
bath; the object to be plated forms the cathode. With a density of .07 
ampere per sfiuare inch, a deposit of 4 to 5 per cent indium is formed. 
By raising the current density to .1, a deposit with 11 per cent indium is 
formed. By varying the cui-rent density, the jiroportion of indium mav 
be varied at will. A second method is to deposit alternate lavers of 
r t^^en to heat in an oven in order to allow the*' metals 

to dittuse. A bluish color which the indium imparts to silver is counter- 
^ further improvement, namely, by depositing a silver-gold 
alloy instead of silver, and alternating with indium. For example 
12-J per cent gold 87i per cent silver, alternating with indium, heading 
first to 110 C. (230° F.) for 8 hours, then to 165° C. (329° F.) for 18 
hours. The yellow of the gold neutralizes the blue of the indium The 
electrodeposition of indium is facilitated by the addition to the platin-^ 
bath of an organic compound of an acid nature which has the effect of 
retaining the indium salt in solution, while without it, it tends to separate 
from the bath ; such a compound is glycine. The current density 
recommended in one example for the glycine- containing bath is 035 
ampere per square inch.®® 

Indium plated on copper also produces a tarnish-proof surface. 

« Chapter 37. 

Chapter 11. 

93^4 730^’^ ‘^"‘1 U. S. Patents 1,939,668; 1,847,941. 

U. S. Patent 1,935,630 

ll source and extraction of indium, see chapter 49. 

U. S. Patent 1,960,740. 
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Platiisttjjvi 

Platinum is a white metal, more resistant to chemical agents than 
silver but not more beautiful in color. It is much heavier than silver 
(21.5 against 10.5) . The production of platinum is usually less than that 
of gold. Formerly platinum was considered of no value with the devel- 
opment of chemical analysis, it was found that platinum vessels resisted 
heat and the action of most chemical reagents except aqua regia w^hich 
dissolves it slowly, and some others. For many years, sulfuric acid 
made in the lead chambers Avas concentrated in platinum pans ; at the 
present time, it functions in a new way in the manufacture of the same 
acid, namely, as a catalyst, Platinum is used extensively in jewelry. 
Among the many other services which this metal renders, its use in 
pyrometers must not be overlooked. 

Platinum occurs nearly altogether as a native metal, alloyed with 
palladium, iridium, in alluvial deposits chiefly.^- The principal regions 
of production are shown in Table 93: 


TabIjIi: 93. — World Prudiiciion of Plaluiu-m, in. Trot/ OiDtrr,^. 

1933 1034 1935 

IT. 8. S. R 150,451 70,689 130.000 

Canada 24,786 116,230 105.374 

South Africa 6,880 27.480 24,900 

Ethiopia 6,650 5,612 5.175 

United States 1,298 2,976 6,593 

World total 240,000 280.000 313.000 


In the United States the small amount of primary platinum in former 
years was a by-product of California placer gold; the increased produc- 
tion is due to workings on Squirrel Creek, Goodnews Bay, Alaska, 
started in 1935, and expected to yield 10,000 ounces annually. 

The Russian production comes from the Ural Mountains, where there 
are several districts; the most important ones at the present time are 
those of the two rivers, the Iss and the Wija, which combine to form the 
Tura. The gravels of the river beds carry the platinum values over a 
distance of about 90 miles. The recovery is by hand panning, or by 
placer mining. 

The platinum produced in Columbia is mainly a by-product of gold 
production, by panning or placer mining. Platinum is also recovered in 
the process of refining copper (Anaconda) and nickel ores. 

The Russian crude platinum contains iron ; nearly all platinum from 
placer mining carries iridium, and some also osmium, palladium, and 

® In the 18th century, a boat-load of platinum, brought to Spain from the new world was 
ordered sunk as valueless. The earliest record of the incident discovered to date is one in Diderot 
and d'Alembert’s * ‘Encyclopedic ou Dictionnaire raisonne de Sciences,” published 1778; tome XIXV, 
p. I 87 : "On assure que le roi d'Espagne a fait fermer ces mines (de Santaje et de Popayan) et a 
fait jeter a la mer une tres grande quantite de pla tines pour prevenir les abus que ses sujets en 
faisoient.” 

Phosphorus, arsenic, and bismuth compounds, alkali cyanides and sulfides, carbon from a 
smoky flame, attack platinum. 

^ Chapter 1. 

^ Alluvial deposits are secondary deposits ; the -original platinum -bearing rock has weathered 
and has been moved by water. 
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other impurities. Iron is removed by hydrochloric acid. Platinum, pal- 
ladium, and iridium may be separated by solution in aqua regia and 
heating the chlorides formed to 125^^ C. ; from the solution of the result- 
ing chlorides, ammonium chloride precipitates the platinum. It is 
reduced to platinum black, which is fused in the electric furnace or in 
the hydrogen-oxygen flame to the metal. The platinum prepared in 
this way retains about 2 per cent iridium, wd^iich is desirable, for the 
iridium hardens it. 

The precious metals must be melted in the course of the manufacture 
of sheets, foils, wires, and shapes of various kinds, in order to form alloys 
of suitable compositions, or for rcmelting the cuttings and end-picces, or 
for a purification. This may be done in an induction furnace, rapidly, 
and without danger of contamination by even gaseous fuel. The induc- 
tion furnace consists of a fire-clay crucible, for example, 3 inches in 
diameter, wrhich is set in a coil of one- fourth inch iron pipe through 
w’hich cold water circulates, plastered wdth asbestos mud in which the 
primary winding is placed- The metal scrap in the ci’ucible is the secon- 
dary. A current of 250 volts (15 kilow^atts) is transformed to 8000 volts 
in a transformer with reactance, and delivered to a condenser with a 
discharge gap; a frequency o’ 30,000 to 50,000 cycles (per second) is 
obtained. On connecting the i3rimary, the metal begins to glow in a 
few seconds, and melts in 2 minutes or so, while the crucible remains 
cold, to the touch. The liquid metal is violently agitated by the induced 
current. A temperature of about 5500^^ F. (3038^ .0.) may be attained. 
By placing the crucible and furnace under a glass bell-jar and connect- 
ing it to a strong suction pump, occluded gas may be completely removed, 
an important precaution in n ''rials for dental alloys. 

The usual method of melting platinum is to place the metal pieces 
in a cavity in a tw^o-pieee block of lime, and to introduce the oxy-hydro- 
gen flame (or the oxygenrgas flame) through an opening in the upper 
half of the lime block; the necessary high temperature, 3191° F. ( 1755 ° 
C-), the melting point of pure platinum, is thus reached. 

In 1935, the consumption of platinum in the United States was 
125,064 troy ounces, imported as metal, as crude platinum, in the form 
of ores and concentrates, from gold and copper refining, from domestic 
scrap and mine j^roduction, all included; of this total, 11 per cent was 
used in the chemical industries, 10 in the electrical, 25 in the dental 
supply manufacture, 52 in jewelry, and the rest miscellaneous. For 
that year, (1935), platinum averaged $32.60, palladium $23.25, Iridium 
$50.90, Osmium $51.00, Rhodium $44.00, Ruthenium $39.00 an ounce. 

Raditjm Bromide 

Radium was originally concentrated from pitchblende, a uranium 
oxide ore found in Joachimstahl, in the northwestern part of Czecho- 

The practice at the Williams Gold Refinery Works, of Buffalo, NT. Y. 

The order in which the metals melt in the induction furnace is the order of their resistivity ; 
the higher it is, the faster the metal melts. 
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Slovakia. In the United States, it was concentrated in Pittsburgh, from 
carnotite, a sandstone impregnated wdth uranium vanadate. Radium is 
always found associated with uranium ores ; it is a disintegration product 
of uranium. At the present time, the American mines and plants are 
not operated, because the low-grade American ores cannot compete with 
the high-grade ore from Katanga, in the Belgian Congo. Since 1923, 
ore from Katanga has been shipped to Belgium and there treated. 

It was only for a short time, however, that the Katanga ore headed 
the market; it has now been displaced in point of richness by the pitch- 
blende deposits on UaBine Point, named after the discoverer Gilbert 



Figure 272. — The site of the radium ore deposit and the mining camp, 
Eldorado Mines, in 1937, seven years after the discovery. Great Bear 
Lake, Point LaBine, Mackenzie, Canada. (Eldorado Mines, Canada.) 

In these sub- Arctic hills, 26 miles from the Arctic Circle, on the 
shores of Great Bear, the largest freshwater lake lying wholly within the 
British Empire, the richest knowm deposit of radium lay concealed for 
many centuries. In 1930, Gilbert LaBine discovered the pitchblende 
veins which contain radium and uranium. By 1937, this flourishing 
mining camp, Eldorado Minos, had grown up on the site. 

LaBine, on the eastern edge of Great Bear Lake, Northwest Territories, 
Mackenzie District, Canada, ahd just south of the Arctic Circle, The 
discovery was in 1930. The main deposit is a vein 1400 feet long which 
on analysis of official samples was showui to run 62 per cent UaOs- The 
radiurn content indicates the richness of the ore: there were required 128 
tons of the Colorado carnotite to produce 1 gram of radium ; of the 
Katanga ore, 10 tons for the strongest, w^ith an average of 30 to 40 tons. 
The Great Bear Lake ore is expected to yield 1 gram of radium from 
only six and a half tons. Theoretically, a 100 per cent UaOs ore con- 
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tains 1 gram of radium in 4 tons. The ore is concentrated at the mine 
then flown to Edmonton (1000 miles) and thence shipped to Port Hoop' 
Ontario (1500 miles) by rail. ^ ' 

The method of recovering radium and uranium is to concentrate the 
ore, roast the crushed concentrate with salt, reduce it, leach it with hot 
sulfuric acid, and add barium chloride. The radium precipitates with 


Figure 273. — Padium-barium bro- 
mide crystals forming during cool- 
ing in the Monel pail. The last 
stages of radium refining at the 
Eldorado Mines' refinery at Port 
Hope, Ontario, consists of 23 proc- 
esses of fractional crystallization, 
based on the method used by Ma- 
dame Curie. Turing those oper- 
ations, the infinitosimal amounts 
of the i‘aro substance are slowly 
liberated h‘om the barium which 
has hc.cix added to enable the 
workers to kfUip track of the ra- 
dium. (Eldorado Minces, Canada.) 

the barium, lead and silver; the uranium is in solution. The precipitate 
is boiled with soda asli, to form the carbonates; these arc filtered, and 
on treatment with hydrochloric acid, radium and barium dissolve, and 
are made into the double bromide. Fractional crystallization gives a 
radium bromide witli 90 to 95 per cent RaBro. Itadium bromide is a 
white solid, soluble in water. The uranium solution gives a sodium 
uranate, or oxides or otlier salts. Beginning with June 1937, the pro- 
duction at Port Uoi^e will be at the rate of 6 grams of radium per month. 
The total store of radium available for therapy iu the world is about 
250 grams. 

Much of the Canadian ore contains leaf silver; some contains also 
rhodochrosite, a manganese carbonate; otlicr veins arc high in silica and 
free frorii carbonates. 

Just wdiat the price will be is not certain, but a reduction will be wel- 
comed, inasmuch as it will make radium therapy available to all. The 
original price of $100,000 a gram was sharply reduced ujpon the dis- 
covery of the Xatanga deposits; the Great Bear Lake deposit should 
lead to a figure below $29,000. There is as a by-joroduct uranium oxide, 
which is sold for $1.30 per pound of XJaOs, a price which should allow 
many new uses now unknown. 

For use in therapy, the radium bromide is generally converted to the 
sulfate, and put up in small lots of capillary glass of gold tubes. Another 
method is to preserve the water solution in a glass system, and pump 
off every day the gaseous emanation into small glass bulbs, also suitable 
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for the treatraent of patients. The standard of strength for either kind 
is the milli-cnric/*’^ measured on the gamma-electroscope. 

Radium salts arc also used in luminous paints mixed with intensifying 
admixtures such as zinc sulfide or calcium sulfide. 

Thcoritjm: and Cerixjim: 

The Welsbach mantle for gas light consists of thoria, Th02, and 1 
or 2 per cent ceria, CcOo, obtained from monazite sand found in Brazil 
(the best) and ISTorth Carolina and AVest Virginia. In order to extract 
thoria and ceria, the sand, washed free from earth, is freed from iron 
by passing it over electromagnets with low current, from garnet by the 
same electromagnets with high current. The remaining material is 
treated with sulfuric acid and from this solution the oxalates are precipi- 
tated; thorium oxalate is separated by solution in ammonium oxalate, 
in which cerium oxalate is not soluble. Both are refined further and 
transformed into the nitrates; these are dissolved and- mixed to give tlie 
relative amounts corresponding to the figures above. In order to make 


Figuki.: 274. — After 93 men in the 
mines at Great Bear Lake have 
worked two weeks to produce 
many tons of ore ; after 48 men in 
the refinery have worked another 
two weeks, the precious radium 
material has been reduced to the 
5 ?roup of crystals in this single 
glass flask in the hands of a 
worker. (Courtesy of the Eldorado 
Mines, Canada, through Mr, L. E. 
Westman, Toronto, Canada.) 



the mantle, a weave of cotton or rayon is soaked with the solution of 
the nitrate mixture, dried, and ignited. The resulting shape consists of 
the oxides;, it is dipped in collodion to stiffen it for transport- Soft 
mantles are also made. The Welsbach mantles will probably always 
remain of great importance for lighting in isolated places, such as light- 
houses on the seacoast. 

^ The milli- curie is the radio activity of 1 milligrarn of radium m eqLuilibrium jwjth^ its disin^- 


The Welsbach plant at Camden N. J. ; Chem. JS/Iet. JEng., 21, 497 C1919)- 
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INDUST'RIAI. CHEMISTRY 


After the thorium salts arc removed, and some of the cerium, there is 
obtained as a by-product a mixture of the salts of cerium, lanthanum, 
didymium, yttrium, and samarium. These salts are changed to the chlo- 
rides, and placed, gradually, in an iron crucible forming the cathode, in 
which a carbon anode dips. The crucible is heated just at the bottom to 
fuse the chlorides. There is obtained a button on the bottom of the 
crucible consisting of cerium with the other metals named as admixtures. 
The button is alloyed with 30 per cent iron and made into small pieces 
one-eighth inch in diameter and 1 inch long, mounted for cigar-lighters. 
When scratched with a piece of iron, sparks are produced ; this is the 
i:)yrophoric alloy 



Figure 275. — Until a few years ago, .all the vanadium ore from the Minas 
Ragva was transported on the backs of llamas to the nearest shipping 
point. (Courtesy of Tr. B. ID. Saklatwalla, of the Vanadium Corpora- 
tion of America.) 

Metallic thorium has been prepared, although not on an industrial 
scale ; a very complete reference is given below. 

Tungsten in the United States is obtained chiefly from wolframite, a 
tungstate of iron and manganese found in Colorado.^ Ferrotungstate is 
manufactured, but also the metal, by forming the tungstic acid, calcining, 
and reducing with carbon. Tungsten filaments may be made from the 
metal mixed with sugar, and drawn into a wire which is then heated in 

^'*'17. S. [Patent 1,273,223; compare also Ind. Cherrt. EriQ., 10, 849 C1918). 

^8 ‘‘Metallic thorium," J. W. Marden and H. C. Rentschler, Ind. Eng. CHem.j 19, 97 (1927). 

The main producers for the world in the order of their importance are : [Kiangsi province, 
China, [Burma, United States, Malay states, Portugal. 
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an atmosphere of hydrogen; they may also be made by the substitution 
process, in which a carbon filament is heated in an atmosphere of tungsten 
oxychloride mixed with hydrogen.^® Tungsten is required for making 
the carbide, which is used as a cutting tool, for sand blast nozzles, and 
wire drawing dies. Tungsten steel for cutting tools has been mentioned 
in Chapter 48. 

Steel, brass, nickel, or silver articles may be tungsten plated in an 
alkaline solution containing dissolved tungstic oxide (WO 3 ) with 1 per 
cent of its weight of nickel in solution.-® Without the nickel, the depo- 
sition of tungsten stops after a very thin layer has formed, throxigh self- 
polarization. The article to be plated is made the cathode, while the 
anode may be platinum. 

Vanadium, in the form of ferro- vanadium, finds its chief industrial 
use in the manufacture of special steels for automotive and other pur- 
poses to which it confers unusual strength and resistance to fatigue. 
The main ores are the patronite, a sulfide of vanadium found in Peru 
not far froni the Cerro de Pasco copper deposits, and carnotitc in 
Colorado. It has been shown that chemically vanadiiun resembles 
tantalum, and not antimony and bismuth 

Othkr P.went 

U. S. Patont 2,029,387, agent to improve the metal (I(;po.<it iVorn a plaling 
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Table of the More Irnrportal^t Chemical Eleineyiis with Their Symbols and 

A to mic Weigh ts 

(From the Intevnational Table 


Aluminum 

A1 

26.97 

Antimony 

Sb 

121.77 

Argon 

A 

39.91 

Arsenic 

As 

74.96 

Barium 

Ba 

137.37 

Bismuth 

Bi 

209.0 

Boron 

B 

10.82 

Bromine 

Br 

79.92 

Cadmium 

Cd 

112.41 

Calcium 

Ca 

40.07 

Carbon 

C 

12.000 

Cerium 

Ce 

140.25 

Cesium 

Cs 

132.81 

Chlorine 

Cl 

35.46 

Cromiuin 

Cr 

52.01 

Cobalt 

Co 

58.94 

Copper 

Cu 

63.57 

Fluorine 

F 

19.0 

Gold 

All 

197.2 

Helium 

Ho 

4.00 

Hydrogen 

H 

l.OOS 

Iodine 

I 

126.932 

Iridium 

Ir 

193.1 

I?-on 

Fe 

55.84 

Krypton 

Kr 

82.9 

Lanthanum 

Lm 

138.90 

Lead 

Pb 

207.20 

Lithium 

Li 

6.940 

Magnesium 

Mg 

24.32 


of Aiotnic Weights for 1925) 


Manganese 

Mn 

54.93 

Mercury 

Hg 

200.61 

Molybdenum 

Mo 

96.0 

Neon 

Ne 

20.2 

Nickel 

Ni 

58.69 

Nitrogen 

N 

14.008 

Osmium 

Os 

190.8 

Oxygen 

O 

16.000 

Palladium 

Pd 

106.7 

Phosphorus 

P 

31.027 

Platinum 

Pt 

195.23 

Potassiu in 

K 

39.096 

Radium 

Ra 

225.95 

Radon 

Rn 

222. 

Rhodium 

Rh 

102.91 

Selenium 

So 

79.2 

Silicon 

Si 

28.06 

Silver 

Ag 

1D7.SS0 

Sodium 

Na 

22.997 

Strontium 

Si- 

87.63 

Suliur 

S 

32.064 

Thorium 

Th 

232.15 

Tin 

Sn 

118.70 

Titanium 

Ti 

48.1 

Tungsten 

W 

1S4.0 

Uranium 

u 

238.17 

Vanadium 

V 

50.96 

Zinc 

Zn 

65.3S 

Zirconium 

Zr 

91. 
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APPENDIX 


Table for Conversions 

1 meter == 39.37 inehcvi 1 square meter = 10.7631 square feet. 

1 foot = 304.80 millimeters 1 ounce avoirdupois = 28.35 grams. 

1 inch = 25.40 millimeters 1 ounce troy == 31.10 grams. 

1 pound =453.6 grains 

1 cubic foot = 28.315 liters; 1 cubic foot of water at 62° F. weighs 62.321 pounds. 
1 cubic foot contains 7.48 gallons (U. S.) ; 1 cubic meter == 35.3166 cu. ft. 

1 gallon (U. S.) of water weighs 8.33 pounds. 1 gram mole of a gas at S.T.P. 
1 gallon (English) of water weighs 10.0 ])oiuids. = 22.4 liters .791. 

1 kilometer = 0.6214 mile. 1 jn = 10" ‘ meter = IQ-' centimeter 

1 gross ton=l long ton = 2200 ].)oun(ls. = 10 '' millimeter 

1 short ton = 1 not ton = 2000 yjounds. 1 mg = 10~‘' millirnol (M' = 10 A.U. 

1 metric ton = 1000 kilograms = 2205 i:)ounds. 


To change centigrade degrees to Fahrenheit degrees, multiply by 9/5 and add 32. 
The British Thermal Unit (Btu.) is the quantity of heat necessary to i-aise 1 pound 
of water 1° F. from 60 to 61°; it also equals 777.52 foot-|.)ounds. 

The large Calorie, also called the kilogram caloric (Cal), is the amount of heat 
necessary to raise 1 kilogram of water 1° C. from 17 to 18°. 

1 Cal = 3.968 Blu. 970 Btu. are required to vaporize 1 ])Oiind of water at 212° F. 
to steam at 212° F. 

The spocifi(‘ heat of water is 1. 


1 horsepower = 0.7457 kilowatt. 

1 kilowatt = 1.341 hovse])o\vcr. 

Horsepower and kilowatts i*equiro a time facdor to mean a quantity of power. 
1 horsepower-hour = 0,7457 kilowal t-liour. 

1 liorsepower-second = 550 foot-])Ounds. 


1 pound v)rossuro is equivalent to a column of waiter 2.304 food- high. 

Normal atmospheric ].)ressure at sea level is 14.70 ])Ounds ])er square inch and sup- 
ports a column of mercury 29.92 inches high at 15° C.. or a column of water 33.93 
feet high at 15° C., whic'h is also the maximum lift on the suction side of a pump. 
29.92 inches = 760 milimoters. 


1 volt times 1 ampere equals 1 watt. 

1000 watts equal 1 kilowatt. 

1 ampere-second deposits 0.001118 grams of silver. 


Note: The pound in this table is the avoirdupois pound in every case. Unless 
otherwise specified, this is the pound meant in ordinary affairs. 

Tables on heat values of fuels and on specific gravities of metals and alloys, will 
be found in the text. 

For calculation, of costs, consult: 

'"The technical organization, its development and administration/^ John Morris 
Weiss and Charles Raymond Downs, McGraw-Hill Co., Now York, 1914 . 

The niimber called pn is a negative exponent of 10 ; 10 with that exponent, 
times 1, gives the amount of hydrogen ions, in grains, in 1 liter of the solution. 

A cord of wood is a pile 8 feet long, 4 feet wide, and 4 feet high. 
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Specific Gravity EquivalcuLH jar Dcyrcca Baumc jar L/iquida Heavier LJnui WaLcr 

TemperMtiirc 60^^760° F, 

One "allon di.<tillGd water at 60 F. in air = S.32S23 lb:s. 

Tal:)le adopted by the U. S. Bureau of Standards from the formula; 

145 

° Baum 6 ~ 145 

60° 

Sp.Gr. F. 

60° 


Degrees 

Baume 

Specific 
Gravity 
60°/60° F 

Pounds 

per 

Gallon 

Dcgree.s 
Baumc i 

Specifu* 
C^ravitv 
60°/60^ F 

Pounds 

per 

Godlon 

0. 

1.0000 

8.328 

36. 

1.3303 

11.079 

1. 

. 1.0069 

8.385 

37. 

1.3426 

11.181 

2. 

1.0140 

8.445 

38. 

1.3551 

! 11.285 

3. 

1.0211 

8.504 

39. 

1.3679 

11.392 

4. 

1.0284 

8.565 

40. 

1.3810 ! 

11.501 

5. 

1.0357 

8.625 

41. 

1.3942 

11.611 

6. 

1.0432 

S.6S8 

42. 

1.4078 

11.724 

7. 

1.0507 

S.750 

43. 

1.4216 

11.839 

8 . 

1.0584 

8.814 

44- 

1.4356 

11.956 

9. i 

1.0662 

8.879 

45. 

1.4500 

32.076 

10. 

1.0741 

8.945 : 

46. ! 

1.4646 

12.197 

11. 

1.0821 

9.012 

47. ; 

1.4796 

12.322 

12. 

1.0902 

9.079 ! 

48. 

1.4948 

12.449 

13. 

1 .0985 

9.148 

49. 

1.5104 

12.579 

14. 

1.1069 

9.218 

50. 

1.5263 

12.711 

15. 

1.1154 

9.289 

51. 

1.5426 

! 12.849 

16. 

1.1240 

9.361 

52. 

1.5591 

1 12.984 

17. 

1.1328 

9.434 

53. 

1.5761 

! 13.126 

18. 

1.1417 

9.508 

54. 

I 1 .5934 

i 13.270 

19. 

1.1508 

9.584 

55. 

i 1.6111 

i 13-417 

20. 

1.1600 

9.660 

56. 

i 1.6292 j 

! 13.568 

21. 

1.1694 

9.739 

57. 

! 1 .6477 

j 13.722 

22. 

1.17S9 

9.818 

58. 

1 .6667 : 

i 13.880 

23. 

1.1885 

9. 898 

59. 

1.6860 ! 

! 14.041 

24. 

1.1983 

9-979 

60. 

1.7059 

1 14.207 

25. 

1.2083 

10.063 

61. 

1.7262 

i 14.376 

26. 

1.2185 

10.148 

62. 

! 1.7470 

14.549 

27. 

1.2288 

10.233 

63. 

1 1.7683 

14.727 

28. 

1.2393 

10.321 

64. 

! 1.7901 

14.90S 

29. 

1.2500 

10.410 

65. 

1 1.S125 

15.095 

30. 

1.2609 

10.501 

66. 

1.8354 

15.285 

31. 

1.2719 

10.592 

67. 

1.8590 

15.482 

32. 

1.2832 

10.686 

68. 

1.S831 

15.683 

33. 

1.2946 

10.781 

69. 

1.9079 

15.889 

34. 

1.3063 

10-879 

70. 

1.9333 

1 16.101 

35. 

1.3182 

10.978 

i 




* All densities taken at 60° F. and referred to distilled water at 60° F. as 1.0000. 
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ArjPBjvniJ^ 


Degrees BauniG with C orresjjoiidirtg Spoof. fie 

JLngihter than Water 


Gravity for Liquids 


IBaiime = 


140 

sp . gr . 60 °/ 60 ° F . 


— 130 , 


at 60 ° F . 


I'iegrGcs 

!Bfiuriic 

Spocific 
Gruvitv 
60 °/ 60 ® F. 

PoTlTlfls 

por 

Gallon 

I")og:rees 
RaTin JG 

fic*. 

GrM\'i 1 \- 
60''/60° F. 

Pounds 

por 

Gallon 

10.0 

11.0 

12.0 

13.0 

14.0 

15.0 

16.0 

17.0 

18.0 

19.0 

20.0 

21.0 

22.0 

23.0 

24.0 

25.0 

26.0 

27.0 

2 5 .0 • 

29.0 

30.0 

31.0 

32.0 

33.0 

34.0 

35.0 

36.0 

37.0 

38.0 

39.0 

40.0 

41.0 

42.0 

43.0 

44.0 

45.0 

46.0 

47.0 

48.0 

49.0 

50.0 

51.0 

52.0 

53.0 

54.0 

55.00 

1.0000 

.9929 

.9859 

.9790 

.9722 

.9655 

.9589 

.9524 

.9459 

.9396 

.9333 

,9272 

.9211 

.9150 

.9091 

.9032 

.8974 

.8917 

. SS 61 

1 .8805 

.8750 
.8696 
.8642 
.8589 
.8537 
.8485 
.8434 
.8383 
.8333 
.8284 
.8235 
.8187 
.8140 
.8092 
.8046 
.8000 
.7955 
.7910 
.7865 
.7821 
.7778 
-7735 
.7692 
.7650 
.7609 
.7568 

8.328 

8.269 

8.211 

8.153 

8.096 

8.041 

7.986 

7.931 

7.877 

7.825 

7.772 

7.721 

7.670 

7.620 

7.570 1 

7.522 1 

7 .< I 73 I 

7.425 1 

7.378 

7.332 

7.286 

7.241 

7.196 

7.152 

7.108 

7.065 

7.022 

6.980 

6.939 

6.898 

6.857 

6.817 

6.777 

6.738 

6.699 

6.661 

6.623 

6.586 

6.548 

6.511 

6.475 

6.440 

6-404 

6.369 

6.334 

6,300 

55.0 

56.0 

I 57.0 

] 58.0 

i 59.0 

60.0 

61.0 

62.0 

63-0 

64.0 

65.0 

66.0 

67.0 
i 68.0 

j 69.0 

70.0 

71.0 

72.0 

73.0 

74.0 

75.0 

76.0 

77.0 

78.0 

79.0 

80.0 

81.0 

82.0 

83.0 

84.0 

85.0 

86.0 

87.0 

88. 0 

89.0 

90.0 

91.0 

92.0 

93.0 

94.0 

95-0 

96.0 

97.0 

98.0 

99.0 

100.0 

0.7568 

.7527 

.7487 

.7447 

.7407 

-7368 

.7330 

.7292 

.7254 

.7216 

.7179 

-7113 

-7107 

.7071 

.7035 

.7000 

.6065 

.0931 

-6897 

.6863 

.6829 

.6796 

.6763 

.6731 

-6699 

.6667 

.6635 

.6604 

.6573 

.6542 

.6512 

-6482 

-6452 

.6422 

.6393 

.6364 

.6335 

.6306 

.6278 

.6250 

.6222 

.6195 

.6167 

.6140 

.6114 

.6087 

6.300 
6.266 
6.233 
6.199 
6.166 
6.134 
6.102 
6.070 
6.038 
6.007 
5.976 
5.916 
i 5.916 

1 5.886 

5.856 
5.827 
5.708 
5.769 
5.741 
5.712 
5.685 
5.657 
5.629 
5.602 
5.576 
5.549 
5.522 
5.497 
5.471 
5.445 
5.420 
5.395 
5.370 
5.345 
5.320 
5,296 
5.272 
5-248 
5.225 
5.201 
5.178 
5.155 
5.132 
5.110 
5.088 
5.066 


* Bureau of Standards, Circular No. 57. 
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Degrees A.P.I. ( Ainericaix Petroleum Institute) and Corresjyonding Grauity 

for Petroleum Oils, Mainly for Liquids Lighter Lhan Water, 
at 60° F, Referred to Water at 60° F 


141.5 

Degree A.P.I. = 

sp. gr. 60°/60° F. 


131.0 


Decrees 

A.P.I. 

Specific 
60°/60®F I 

Pout Ills 
per 

Oallon 

IDcigrees 

A.P.I. 

Specific 

Gravilv 

60°/60° F 

Pounds 

per 

Gallon 

10.00 

11.00 

1.0000 

.9930 

8.328 

8.270 

56.00 

.7547 

6.283 

12.00 

.9861 

8-212 

57.00 

.7507 

6.249 

13.00 

.9792 

8.155 

58.00 

.7467 

6.216 

14.00 

.9725 

8.099 

59.00 

.7428 

6.184 

15.00 

.9659 

8.044 

60.00 

.7389 

6.151 

16.00 

.9593 

7.9S9 

61.00 

.7351 

6.119 

17.00 

.9529 

7.935 

62.00 

.7313 

6.087 

IS. 00 

.9465 

7.882 

63.00 

.7275 

6.056 

19.00 

.9402 

7.830 

64.00 

.7238 

6.025 

20.00 

.9340 

7.778 

65.00 

.7201 

5.994 

21.00 

.9279 

7.727 

66.00 

.7165 

5.9G4 

22.00 

,9218 

7.676 

07.00 

.7128 

5.934 

23.00 

.9259 

7.627 

68.00 

.7093 

5.904 

21.00 

.9100 

7.57S 

69-00 

.7057 

5.874 

25.00 

.9042 

7.529 

70.00 

.7022 

*.> .84o 

26.00 

.8984 

7.481 

71.00 

.6988 

5.817 

27.00 

.8927 

7.434 

72.00 

.6953 

5.7SS 

28.00 

.8871 

7.387 

73.00 

.6919 

5.759 

29.00 

.8816 

7.341 

74.00 

.6886 

5.731 

30.00 

.8762 

7.290 

75.00 

-6852 

5.703 

31.00 

.8708 

7.251 

76.00 

.6819 

5.676 

32.00 

.8654 

7.206 

77.00 

.6787 

5.649 

33.00 

.8602 

7.163 

78.00 

.6754 

5.622 

34.00 

.8550 

7.119 

79.00 

.6722 

5.595 

35.00 

.8498 

7.076 

80.00 

.6690 

5.568 

36.00 

.8448 

7.034 

81.00 

.6659 

5.542 

37.00 

.8398 

6.993 

82.00 

.6628 

5.516 

38.00 

.8348 

6.951 

83.00 

.6597 

5.491 

39.00 

.8299 

6.910 

84.00 

.6566 

5.465 

40.00 

.8251 

6.870 

85.00 

.6536 

5.440 

41.00 

.8203 

6.830 

86.00 

.6506 

5.415 

42.00 

.8155 

6.790 

87.00 

.6476 

5.390 

43.00 

.8109 

6.752 

88.00 

.6446 

5.365 

44.00 

.8063 

6,713 

89.00 

.6417 

5.341 

45.00 

.8017 

6.675 

90.00 

.6388 

5.316 

46.00 

.7972 

6.637 

91.00 

.6360 

5.293 

47.00 

.7927 

6.600 

92.00 

.6331 

5.269 

48.00 

.7883 

6.563 

93.00 

.6303 

5.246 

49.00 

.7839 

6.526 

94.00 

.6275 

5.222 

50.00 

.7796 

6,490 

95.00 

.6247 

5.199 

51.00 

.7753 

6.455 

96.00 

.6220 

5.176 

52.00 

.7711 

6.420 

97.00 

.6193 

5.154 

53.00 

.7669 

, 6.385 

98.00 

.6166 

5.131 

54.00 

.7628 

6.350 

99.00 

,6139 

5.109 

55.00 

.7587 

6.316 

1 100.00 

.6112 

5.086 


^ Bureau of Standards, Circular C 410. 
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DIESEL FUEL STANDARDS 

The jollowhuf sprrijlcntion.^ for Diesel Oils are given because these fuels are comparatively 7iew 
ajul it is difficult to fi/.d specifications for them in the usual collections, * 

Criteria of Diesel Fuels, Their Relative Importance, L. J, Le Mesurier. 
Ayiglo-Iranian Oil Co. Petroleum Times 37, 83 (1937), Jan. 16. 

Following are three specifications that have been considered by the 
British Standards Institution: 

''Grade A — For automotive or other similar types of engines with 
small cylinders. Speed above 800 r.p.ni. and high standard of perform- 
ance essential. 

"Grade B — For medium speed engines and ])owers not less than 25 
b.li.p. per cylinder. For exami)le, industrial units and main and auxiliary 
marine engines. 

"Grade C — For large slow-running engines where adequate provision 
is made for heating and cleaning the fuel. 


Grade 

Flash point Minimum 

Aniline point''-' Minimum 

Hard asphalt Maximum 

Conradson caihon Maximum 

Ash Maximum 

ViscosiW i‘CK.hvoo(l No, 1 at 

100° F Maximum 

Pour point Maximum 

Sulfur content Maximum 

Water content Alaxiinuin 

Distillation, Vol. to 350° C.. , . Minimum 

Calorific value, gross Minimum 


A 

B 

C 

150° r. 

150° F. 

150° F. 

60° C. 

45° C. 


0.01% 

2.0% 

4'.6% 

0.2% 

4.0% 

8.0% 

0.01% 

O.OS''^ 

0.10% 

45" 

100" 

750" 

20° F. 

■ . • 


1.0% 

2.0% 

1.0% 

N ot 1,0 

0.5% 

1.0% 

oxccod 0.1% 



85% 

. . . 


19,250 

18.750 

18,250 


* Approxinitite nienaiire of ignition quality i^ending tlic (level opinent of a standard engine tost/' 
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jS' cLvy D cpci'i t merit S>'pecifi.ccLtion iov Diesel Fuel, Spccificcitiori No. I-O-^c, 
August I, 1936. 


B. Grade B-1. Fuel oil for Diesel engine shall be furnished in one 
grade only. 

C. iVLatei'ial and orkrnanship, etc. C-l. Diesel fuel oil shall be 
a peti'oleum distillate. It shall be free from grit, acid, and fibrous or 
otlier foreign matter likely to clog or injure pumps, nozzles, or valves. 

Detail Requirements. E-1. Fuel oil for Diesel engines shall 
conform to the followino- chemical and physical characteristics: 


Flash point, closod cup, Tuiiiimiiin 

Pour ])oint, °F., maxinuiin 

Viscosity, SSIT, at 100" F 

Water and sodiinont, ])cr inaxiniuni 

Total sulfur, ])or ec^nt, luaxiinum 

Carbon rc\siduo, ]>nr coni, in;ixijnuin 

Ash, por cent, nuixinuun 

Corrosion at 212° F,, cop])(‘i- strip 

90 ]^or cent distillation tonipc'raturf', °F.. maxi- 
mum 

Diesel index number, minimum 

A.P.I. gravity 

Anilinti iioint 

Nesativo. Soe F-4. 


Test No. 


F.S.B. 

A.’S.T.M.' 

Tjimit 

110.22 

1)93-22 

150 

20.14 

rJ97-33 

0 

30.43 

DcSS-33 

35-45 

300.32 

1)96-30 

0.05 

520.22 

D 129-33 

1.0 

500.13 

1S9-30 

0.2 

542.1 

530.31 


0.01 

100.14 

DS6-30 

675 

^"M5 

40.1 

310.11 

1)287-33 



“F. Methods of Sampling, Inspection, and Tests. 

F-1. Sampling. — Samples shall be taken according to the procedure 
described in Section F of Federal Specification VV~T-791, referred to in 
Section A. 


F-2. Inspection and tests. — Unless otherwise specified, all tests shall 
be made according to the motliods for testing contained in section F of 
Federal Specification VV-E-791. 

F-3. Diesel index number. — -The Diesel index number shall be deter- 
mined by the following equation; 

1 aniline point (°F.) X A.P.I. gravitv 

Diesel index number = ^ 

The aniline point shall be determined in ""F. by the method described as 
part of method 310.11, Federal Specifications VV-L-791. 

F-4. In the event that the fuel supplied fails to exhibit satisfactory 
ignition quality in use, the right is reserved to require, in lieu of the 
minimum Diesel index number of 45, a minimum cetane number of 45, 
as determined in the O.F.R. turbulent-head type fuel-testing engine by 
the knockmeter delay method.’^ 
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AREA OF CIRCLES — I^ST SQUARE FEET 


TDiamoter 

0 in. 

1 in. 

2 in. 

3 in. 

4 in. 

5 in. 

0 ft 

0.0000 

0-0055 

0.0218 

0-0491 

0.0873 

0.1364 

1 ‘ 

0.7854 

0.922 

1.07 

1.23 

1.40 

1.58 

2 

3.14 

3.41 

3-69 

3.98 

4.28 

4.59 

3 

7.07 

7.47 

7.88 

8.30 

8.73 

9.17 

4 

12.57 

13.10 

13.64 

14.19 

14.75 

15.32 

5 ft. 

19.64 

20.29 

20.97 

21.65 

22.34 

23.04 

6 

28.27 

29.07 

29.87 

30.68 

31.50 

32.34 

7 

38.48 

39.41 

40.34 

41.28 

42.24 

43.20 

8 

50.27 

51.32 

52.38 

53.46 

54.54 

55.64 

9 

63.62 

64.80 

66.00 

67.20 

68.42 

69.64 

10 

78.54 

79.85 

81.18 

82.52 

83.86 

85.22 

I3)iameter 

6 in. 

7 in. 

8 In. 

9 in. 

10 ill. 

11 in . 

0 ft 

0.19G4 

0.2670 

0.3491 

0.4418 

0.5454 

1 0.6600 

1 “ 

1.77 

1.97 

2.18 

2.41 

2.64 

2.89 

2 '' 

4.91 

5.24 

5.59 

5.94 

6.30 

6.GS 

3 “ 

9.62 

10.08 

10.50 

11.04 

11.54 

12.05 

4 

15.90 

16.50 

17.10 

17.72 

18.35 

18.09 

5 ft 

23.76 

24 .48 

25-20 

25.97 

2(5.73 

27.49 

G “ 

33.18 

34.04 

34.91 

35.78 

30.(57 

37.57 

7 “ 

44.18 

45.17 

46.16 

47.17 

48.19 

49 .22 

8 “ 

56.75 

57.86 

58.99 

60.13 

61.28 

62 A4 

9 

70.88 

72.13 

73.39 

74.66 

75.91 

77.24 

10 “ 

86.59 

87.97 

89.30 

90.76 

92.18 

93.60 



Index 

(When more than one page reference is giTJcn^ the references 
are arranged in the order of their importance.) 


A 

Abrasives, 292 

Absorbenl.s, for vapors, 733, 5SS, 409 
Accelators, 650 
Acele, 376 

Acetaldcliydo, 282, 429 
Acetate of lime, 279 
Acetate silk fiber, character, 457 
Acetate Silk Process, 375 
Acetic acid, 

by fermentation, 346 
slacial, 283 
from wood, 275 
synthetic, 429, 427, 429 
Acetic acid, from wood, 275 

direct recovery, Brewster |)rocess, 279 
direct recovery, Othmer i:)rocess, 282 
direct recovery, Siiida process, 280 
in the form of calcium acetate, 279 
Acetic anhydride, 283, 430 
Aceto-cellulose, plastics, 611 
lacquer, 553 
spun fiber, 375 

Acetone, from wood, 282, 283, 279 
by fermentation, 342, 345 
Acetylene, 324 

derivatives, tables, 427 
Acid Alizarine Black, 490 
Acid dyes, 458 
Acid 19 

Acids, see under the separate names. 
Acridine Yellow, 500 
Activated alumina, 734 
Activated charcoal, 589 
steam activation, 589 
steam-air activation, 589 
Activated sludge process, 242 
Adhesives, 623, 625 
Aeroplane construction material, 305 
Air conditioning, 748 
Alcohol, absolute, 339 
amy], 334, 345 
butyl, 342, 419 
denatured, 337 
ethyl, 331, 336, 339, 419, 428 
industrial, 329 
methyl, see methanol, 
propyl, 419 
solid, 337 
Alcoleter, 421 
Alcotate, 338 
Aldehol, 338 
Algol Yellow, 504 
Alizarine, 501, 480 
Alizarine Blue, 501 


Alizarine Maroon, 501 
Alizarin Orange, 501 
Alkali Act, 61 
Alkaline fusion, 478 
Alk 3 dation, 478 
Allen-Moore cell, 101 
Alloys, new, 729 
Aloxitc, 296 

Alpha-naphthol, 479, 485 
Alpax, 303 
Aluminum, 301 
Aluminum bronze, 303 
Aluminum chloride, 408 
Aluminum oxide, 295, 302 
fused, 295 
fused, white, 296 
see also bauxite. 

Ahiminum surf ate, 57 
Alundiirn, 296 
Alunito, 154 
bricks, 84, 85 
Amaranth, 4SS 
Amatol. 573 
Amberdeen, 592 
Am barite, 592 
Ambcrol, 602 
Ambergris, 532 

American potash deposits, 152 
American Suction Disk filter, 695 
Ammonia, anhydrous, 218, 119 
aqua, 261 

by-products from gas liquor, 251, 261 
refrigeration, 220 
statistics, anhydrous, 326 
synthetic, 113 

American S 3 ’’stem for ammonia synthesis, 
115 

Ammonia, direct synthetic, processes. 111, 
123 

American. 115 
Casale, 122 
Claude, 121 
Fauser. 123 
F. 2Sr. ft. L., 115, 114 
Haber, 119 
Mont Cenis, 121 

Ammonia equilibrium at various pres- 
sures, .113 

Ammonia liquor, containing ammonium 
nitrate, 149 

containing sodium nitrate, 149 
containing urea, 149 
Ammonia oxidation, 126, 23 
Ammonia soda, 63 
Ammonia still, 261, 262 . 

Ammonia synthesis, theory, 113, 447 
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Ammonialed «iiperi>liospliate. 149 
Ammoniunx nitrate. 149. 576, 570 
Ammonium persulfate. 309 
Ammonium phosphate^ 141 
diammonium. 141 
Ammonium sulfiite, 576 
Amophos. 141 
Amvl alcohol. 334 
synlhctic, 345 
Anaconda cells, 29 

Anh.vdrous bisulfite of sodium, see 
sodium bisulfite. 

Aniline, aniline oil, 471, 475, 481, 482. 484, 
493 

Aniline dyes, sec coal-tar dyes. 

Animal oils, fats, and waxes, 512 
Anthracene, 466, 260 
Anthracene Brown, 501 
Anthracite, see coal. 

Anlhraquinone, 481 
Antiknock compounds, 415 
Anti-oxidants, 650 
Antiseptic treatment, 644 
Appliances used by the Chemical 
Engineer. 676 
Argon, 321, 322 
Argol. 143 
Aroclors, 604 
Arsenate of calcium, 638 
Arsenate of lead, 636. 637 
Artificial silk, 363 
Asbestos cement, 727 
Asphalt, 424 
blown, 651 
Asphyxiants, 583 
Aspirin, 537 

Atmospheric nitrogen fixation, sec 
^'Fixation^\ 

Atomic hydrogen flame, 325 
Atomic weights of the elements, table, 
825 

Auerbach mantle, sec Wclsbacli 
Auramine, 498 
Austenite, 783 

Azeotropic mixture, 282, 344, 339 
Azo dyes, 483 
Azo Rubine, 488 

B 

abbitt metal, 807 

abcock and Wilcox boiler, 211, 212 
aeteria, 328 
Bacteriology, 328 
Bacterium aceti, 346 
acetoethylicum, 345 
Clostridium acetobutylicum, 343 
lactis acidi, 345 
macerans, 343 
nigrus citrianiis, 345* 

Bagasse, 384 

Bailey water-cooled furnace, 212 
Bakelite, 592 

oil-soluble. XR, 602 
Baking powders, 142 
cream of tartar, 143 


Baking powders, 

calcium acid phosphate, 143 
S. A. S.-]>hos])hate, 143 
sodium acid r>yrophosphate. 143 
Balata, 657 
Banbury mixer, 652 
Barium carbonate, 645 
I^iirium, 

oxide. 310 
l)oroxide, 310 
BtLrium caibonate. 645 
Barium sidfate. 310, 543 
Bi^isic flyos. 458 
Basolitc, 732 
Baumo, hydrometer, 737 
scale, 738 

table, for liquids heavier than water 
827 

^*^8^8 lighter (han water. 

Bauxite, 296. 302, 68. 126, 408 
analyses, 5S 
Bearing mcUil, 807 
-Boater, 351 
Beckosite, 602 
Beehive coke ov(.>n. 247 
Beeswax, 522 

Benzaldehyde, 477, 527, 534, 530 
Benzene, 259, 252, 467 
as motor fuel, 260, 409 
as diluent, 553 

as raw material for dyes, 466. 469, 473 
477 

as raw material for ].)honol, 606, 450, 452 
hydrogenation, 452, 450 
oxidation, 451 

Benzene diazoniurn chloride, 484 
Benzidine, 472, 491 
dyes, 492 

Benzoic, acid, 477, 527 
Benzoyl pei'oxido, 307 
Borgius. hy<lrogonation of coal, 420 
hydrolysis of wood cellulose, 283 
Borl (Ernst) process for sulfuric acid, 28 
Iiota-na])hthol, 479, 485 
Bicheroux process, 195 
liil Inter cell, 104 

Birdseye, method for food i>rosorvation, 
225 

references 14 and 17, 227 
Birkeland and Eydo, 113 
Birmingham, Ala., city water supply, 231 
Bismarck Brown, 458 
Black powder, 579 

smoke composition, 579 
Blanc Fixe, 543, 310 
Blast furnace, for iron, 760 
copper, 794 
lead, 799 

Blasting gelatin, 570 
Bleach, 106 

Bleaching afeent for flour, see benzoyl 
peroxide. 

Blister copper, 794 
Blowcase, 19 - ' 
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Blowers, 

pressure, 681 
volume, 681 
Blue prints, 635 
Boiler liorse power, 212 
Boiler rating, 212 
Bone char, 386, 567 
Bone meal, 155, 158 
Bones, 620 

Booth, Earl, collaborator, 526 
Borates, 153 
Borax, 153 
Bordeaux (red), 494 
Bordeaux B, 488 

Bordeaux mixture, disco^'erv, 644 
formula, 643 
Boron carbide, 296 
Boulder dam, 212, 217 
Brass. 807 

Brewing*; industry, 338 
Brewster pi*oeess, 279 
BrickKS, 

acid, 180 
basic, 180 
bauxite, 727 
“cork”, 180 
chrome, 727 
common. 178 
deiase. 178 
fire, 179, 726 
Magnesia, 180, 727 
neuti-al, 180 
rod, 178 
refrac^toi-y, 180 
sand-lime, 179 
silica, ISO, 727 
silicon carbide, ISO 
Brilliant Crocein M, 489 
Brilliant Yellow. 496 
British thermal unit, 826 
Bromacetone, 583 
Brombenzyl-c-yanide, 583, 587 
Bromine, 79 
Bronze, 807 
Bubble tower, 400 

Bucher process for nitroj^on fixation, 126 
Bucket elevator, 711 
Buffalo Black lOB, 489 
Buffalo municipal filtration plant, 230 
Buhrstone mill, 718 
Bunker oil, 410, 397 
Butane, 272, 418 
Butter, 522, 513 
Butler Yellow, 486 
Butyl acetate. 344 
alcohol, 342 

C 

Calcium arsenate, 638 
Calcium bisulfite, 353 
Calcium carbide, 297 
Calcium chloride, 69 
natural, 70 

Calcium cyanamide. 111, 125, 124, 112 
Calcium fluoride, 55, 57, 136 


Calcium hydroxide, see lime, hydrated. 
Calcium hvpochlorite, 107, 355 
hii^h test 107 

Calcium nitrate, 112, 146 
Calcium oxide, see lime. 

Caliche, 50 

Calorimeter, continuous automatic, ref., 
253 

Calorizin^?, 40 
Camphor, natural, 611 
synthetic, 611 
Candle tar, 560 
Candles, 404, 560 

manufacture, ref., 404 
Captax. 650. 651 
Caibazol, 260, 452, 504 
Ctirbolic oil, 259 

Carbonization of coal, hi^li temv>erat urc, 
247 

low temperature, 260 
Carbometcr, 753, 774 
Carbon black, 545 
Carbon dioxide, liquid. 221 
solid (dry ice), 223 
sources, 221 
Carbon bi.su 16 do. 209 
Carbon monoxide, 324. 441, 447 
Carbon t etrachloi-ide. 209 
Carboys, 734 
Carborundum, 293 
Carl)oxide. 642 

Carbiiralor, for water t»:as. 268 
Cardboai-d, 360 
Carnallite, 150 
anhydrous, 304 
Cai*nauba wa.x. 522 
Casale system for ammonia, 122 
Case-hardening of si.ee!. 785 
Casein, 612 

Casting: machine for iron pis-s, 7C6 
Castings (iron), 725 
manufacture, 725 
shrinkag;e, 725 

Castner cell, for caustic. 102, 103 
Castor oil, 519 
statistics, 518 
sulfonated, 519 
Catalysis theory, 448 
Catalyst, choice of, 446 
definition, 113 
T:n-eparation, 445, 117, 42 
Catalytic contact mass, for sulfur tri- 
oxide, various types, 34 
Catalytic agents, carbon granules, 586 
copper gauze. 607 
nickel, 448, 449, 450, 523, 442, 525 
iron granules, 117 
iron with other metals, 119 
manganese salts, 429 
mercurous sulfate, 429 
molybdenum oxide. 411 
naphthalene sulfonic acid, 560 
platinum, 34, 128 

vanadium pentoxide, 34, 41, 450, 451 
zinc oxide, 443 
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Catalytic agents, see also sulfuryl chlor- 
ide and others, 477 

Catalytic processes, acetaldehyde from 
acetylene, 428 

acetic acid from acetaldeh^^de, 429 
acetic anhydride, (2), 430 
ammonia oxidation, 126, 127 
ammonia synthesis, 113 
contact sulfuric acid, 36 
ethyl alcohol from acctiddehyde, 42S 
formaldehyde, 607 
hydrogen from water gas, 313 
hydrogenation of coal, 420 
hydi-ogenation of hydrocarbons. 449 
hydrogenation of mineral oils, 410 
hydrogenation of oils to fats, 522 
methanol synthesis, 441 
oxidation of hydrocarbons, 449 
phosgene, 5S6 
phthalic anhydride, 450 
sulfur tri oxide, 34 
synthetic motor fuels, 419, 421 
table, 447 
Twitchell, 560 
Catalytic promotors, 117 
Catalytic reactions, tables, 447 
Caustic soda, 93 
analysis, 94 
by causticizing, 93 
electrolytic, 94 
from the metal, 307 
in ^soap making, 5G1 
Caiistieizing black ash, 353 
Celanese dyes, 507 
Celanese, 37G 
Cell coolers, 469 
Oellarius vcissels, 76 
Cellophane, 37S 
Cellosolve, 43S, 440 
Celluloid, 609 
Cellulose acetaLo, 611 
lacquer, 553 
textile fiber, 375 

Cellulose from wood. 34S, 363, 283 
hydrolized, 283 
Cellulose sponge, 378 
Celotex, 384, 389 
Cement, Portland, 160 

High Early Strength, 165 
Cement furnace, rotary, 163, 164 
s Cementation process for steel, 787 
I Cements, acid proof, 727 
litharge-glycerin, 727 
Uentrifiner, Bird, 357 
Centrifugal basket. 702, 386 
Centrifugal pump, 679 
Ceramic industries, 171 
"^erisin, 423 
erium, 821, 822 
_!etane, 418 
t number; 418 
rating, 418 
Cetyl alcohol, 522 
palmitate, 522 

Chamber process for sulfuric acid, 15 


Chamois skin, 620 
Charcoal from coconut shells, 589 
from fruit pits, 589 
from hardwood, 589 
ordinary, 275 
steam-activated, 589 
Chars, animal, 386, 567, 734 
vegetable, 589, 734 
Chemical factors for warfare, 581 
Chemical warfare, 581, 590 
Chemical Warfare Service, 581, 590, 639 
research, 590 

Chemico concentrator, 32 
nitric acid plant, 128 
sulfuric acid plant, 37 
Chemico ammonia oxidation convertor, 
128 

Chemico oxidation unit, for c-.hambor 
plants, 23 
ChevreuI, 512 
Chile salpetrc, 50 
China clay, 172 

China%vood oil, tung oil, 547, 549 
Chip machine, 86, 70S 
Chip snlfi<le, 86 
Chlorbenzene, 468, GOG 
Chlorcx, 415 
Chloride of lime, lOG 
high test, 07 
Clilorine, 93 

distribution, 3 00 
gas, 106, 77 

in manufacture of solvents, 431 
liqiiitl, 105 

liquid, solution in milk of lime, 106 
war gas, 581, 583 
Chloroac(‘tophenono, 583, 588 
Chloroform, 536 
Chi 01*01 >icr in, 583, 587, 581 
Chrome Black PV, 490 
Chrome Brown, 490 
Chrome dyes, 459 
Chrome plating, ref., SOS 
applications, 729, 703 
Chrome tanning, 018 
Chrome yellow, 545, 554 
Chromic acid, 309 
Chromium, alloys, 729 
steel, 784 
Chromogen, 483 
Chromophore, 483 
Chromotrope 2R, 488 
Chromotropo 6B, 488 
Chromofropic acid, 480 
Chrysophenine, 496 
Chrysoidine, 487 

Cinematographic film, see moving pic- 
ture film. 

Cinnebar, 803 
Citral, 531 
Citric acid, 345 
opaque, 346 
Civet, 532 

Clark, Benjamin F., collaborator, 228 
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Claude system for synthetic ammonia, 
121 

Clay products, 171, 178 
de-aired, 176 
stoneware, 177, 728 
tableware, 174 
whiteware, 173 
Clays, 
ball, 172 
china, 172 
fat, 171 

for paper making;, 360, 350, 351 
kaolin, 172, 173 
lean, 171 
primary, 172 
secondary, 172 
Cloth Red B, 489 
Cloth Red 2R, 488 
Coal, anthracite, 207 
bituminous, 208 
“Blue coal,^’ 210 
coking, 250, 251 
distillation of, 247 
semi-bituminous, 207 
use of, in producers, 270 
for motor fuel, 419 
Coal production, statistics, 208 
Coal regions, 208 
Coal tar, 253, 250 
Coal tar distillation, 256 
fractions, 259 
refining, 259 
Coal-tar dyes, 466, 483 
Cocaine, 537 
Coconut oil, 519 
statistics, 518 
Cod-liver oil, 520 
Coko, 249 

dry quenching of, 251 
quenching of, 249 
Coke oven, beehive, 247 
by-product type, 249 
Koppers, 253 
Semet-Solvay, 250 
Coking retorts, 247 

W oodhall-Duckham, 248 
Colburn, Irving W., inventor, 191 
Cold, production of, 218 
Collagen, 620 
Colloid Chemistry, 625 
Columbium,, 806, 784 
Column stills, 335, 401, 402 
ref., 702, 710 

Compressed gases, combustible, 272 
others, 220 
Compressors, 681 

hypercompressors, 116 
Hytor, 683 

Concentration of caustic liquor, 102 
Concentration of dye on the fiber, 460 
Concentration of industrial alcohol, 334 
Concrete, 160 
reinforced, 160 
Condensite, 592 
Congo Red, 461 


Conical refiner, 356 
Conners ville blower, 679 
Conowingo, 217 

Contact process for sulfuric acid, 34 
Conversion of units, table, 826 
Converter, f or : 

ammonia oxidation, 128 
carbon monoxide to dioxide, 120 
direct synthetic ammonia, 118 
methanol, 444 
phthalic anhydride, 450 
sulfuric acid by contact process, 41 
Conveyors, belt, 712 
pneu m a ti c , 712 
screw, 712 
Copal, '547 
Copper, 792, 793 
electrolytic, 797 
ores, 793 

production figures, 792, 793 
smelting, 794 

wet process of extraction, 795 
Copper apparatus in the chemical indus- 
tries, 728 
Copra, 519 
Copyrights, 674 
Cord tire, 654 
Cordite, 575 
Cordura, 655 
Corox, 195, 196 
Corn oil, 517, 389 
statistics, 5 IS 
Coi*n starch, 389 
sugar, 390 
syrup, 391 

value of T)r(j(lucts, S, 391 
Corrosion, 730 
inhibitor, 45 
ref., 736, 49 
Corundum, 296 
Cost compulation, ref., 826 
Costra, 50 

Cotton fiber, character, 456 
Cottonseed oil, 518 
statistics, 518 

Cottrell precipitator, 706, 44, 750 
Coumarin, 531 

Countercurrent principle, 53, 75 
Cream of tartar, 143 

Creosote, for wood preservation. 645 
from coal, 259 
from w^ood, 277, 279 
Critical pressure, def-, 221 
temperature, def., 221 
Crocein acid, 476 
Cross process for gasoline, 406 
Crude oil, analyses, 398 
classification, 398 
description, 398, 399 
distillation, 401 
production, 395, 396 
reserves, 394, 395 
see also Petroleum. 

Crusher, gyratory, 714 
jaw, 715 
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Crusher. })ot, 717 
rolls, 716 

Crutcher, for soap, 562 
Cryolite, 302 
Crystal Violet. 498 
Crystallizers, 702 

jacketed, with rotating*: arms, 702 
Crystolon, 293 
Cumar, 603 
Cupel, 815 

Cupellation process, 815 
Current density, 95 
Current efficiency. 95 
Cyanamide, 125 
Cutting;; torch, 325 
Cyanide 308 

JDamma.r, 549. 551 
Oautrioho test, 571 
Dead sea, 153, 154 
Dcbiteusc, in ^rlass furnace, 190 
Decalcomania paper, 176 
Decolorizing aj 2 :ents, 734 
Decomposition voltaj^e, 95, 311, 306, 303, 
304 

Defecation, 384 
Do Florez process, 406 
Denatured alcohol, 337 
Do-phenolizin«: ammonia waste, 263 
Dophlejiinator, 334, 405 
def., 405 

Design formation, 463 
Developed dyes, 459 
Dextrin, 389 
Diacctyl, 534 
Diacetyl carbiiioL 534 
Diamond Black F, 491 
Dianisidine, 472, 491 
Diaphragm cell, 97 
Diastase, 333 

Diatomaceous earth, 733, 734 
Dicalcium phosphate, 141 
Deoxidizers for steels, 779, 781 
Didymium, 822 
Diesel engine, 207 
oil, 418, 420 
specifications, 830, 831 
Digesters, for soda pulp, 352 
for sulfite pulp, 354 
Dioxan, 439 

Diphenyl amine, 481, 571, 575 
Diphenyl boiler, 212 
Diphenyl chloroarsine , 583, 588 
Diphenyl oxide, 607 
boiler, 212 
Direct Black, 495 
Direct Blue 2B, 493 
Direct Blue ISTB, 493 
Direct dyes for cotton, 458 
for wool and silk, 458 
Direct Green, 494 
Direct printing, with dyes, 463 
Direct Violet, 495 


Discharge material in design formation 
463 

Disclaimers, 670 
Disclosure of invention, 668 
Disinfectants, 644, 636 
Disintegrator, rotary hammer mill, 716 
SQuirrel cage. 717 
Disodium phosphate, 141 
Dispersion of light, def., 197 
Dorr classifier, 796 
thickener, 708 
Dorreo filter, 694 
Dow metal, 305 
Downs coll, 305. 306 
Drain board, 702 
Dried blood, 155 
Drier, cabinet. 702, 471 
drum, atmos] )hori(;, 703 
drum, vacuum, 703 
rotary, 703, 704 

shelf, cii'cular, with rotating arms, 90 
tunnel, 703 
vacuum, 702, 471 
Driers, in ])aint, 546 
Dry cell, 793 
Dry icc, 223 

Dubbs process for gasoline, 405 
Duo-Sol process, 415 
Dupont oxidation unit, 24 
Dupreno, see Neoiorcne. 

Duraluminum, 303 
Durez, 592 
Diiriron, 728, 730 
Diirol Black, 489 
Dust chamber, 16, 43 
Dust collector, 705 
Dye application, 456 
Dye intcrinediatos, 466 
Dye.s, coal tar, 466, 483 

general properties with resi)cct to fiber, 
457 

manufactured, 483 
natural, 458, 463, 619 
statistics, 510 

see under class name and specific name. 
Dyes, gasoline soluble. 495 
permitted coal tar food, 506 
spirit soluble, for synthetic rosins, 506 
Dynamite, 570, 577 
non-freezing, 579, 438 

E 

Fau de Cologne, formula, 533 
Edeleanu process, 403, 408 
Edge runner, 720 
Edgewood arsenal, 101 
Electric furnace, for steel, 788 
for precious metals, 818 
see also electrothermal furnace, and 
electrolytic furnace. 

Electrical clay insulators, 177 
Electrolysis, of magnesium chloride, 304 
of salt, 94, 306 
of water, 315 
Electrolytic caustic, 94 
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Electrolytic cell, theory, 95 
Electrolytic copper, 797 
Electrolytic furnace, 301 
Electrolytic iron, 768 

Electrometric methods of control, 752 
conductivity gi'oup, 752 
potentiomctric f^roiip, 741 
Electro-orientation, 295 
Elcomet K, 730 
Electrothermal furnace, 2S8 
arc, 288, 110, 112 

combined arc and resistance, 297 
induction, 288, 818 
resistance, direct, 288, 292 
resistance, indirect, 293 
Ellis, J. William, collaborator, 664 
Ellis, process for gasoline, 406 
Emery, 296 
Eosine, 499 
Epsom salts. 222 
Eriochromo Red B, 497 
Erythrosine, 506 

Esselen, Dr. Gustavus J., collaborator, 378 
Enamel, paint, 548 
porcelain, 181 
vitrified, 181 

Essential oils. prGT:)aration, 527 
by distillation, 528 
by enfieura^^e, 529 
by expression, 529 

by extraction with volatile solvents, 
527 

table, 526 
Ester f 2 :um. 602 

Ethanol, see^ industrial alcohol. 

Ether, manufacture. 536 
Iilthyl acetate. 277, 552, 553, 334 
by-product, 437 
Ethyl alcohol, absolute, 
see industrial alcohol. 

Ethyl chloride, 415 
Ethylene, 433, 431, 267, 418 
Ethylene bromide, 415, SO 
Ethylene chlorhydrinc, 433 
Ethylene "lycol, 435, 432 
Ethylene oxide, 432, 439, 440 
E vap orators, 

multiple effect, 700 
sinp;le effect, 699 
Ethyl j 2 :asolinc, 415 
Exchangers, heat, 407, 411, 44 
Exhausters, 681 
Explosives. 
hi«;h, 570 ^ 

industrial, 577 
mild, 570 
peace, 570 
permissible, 572 
table of, 570 
tests, 571 
war, 573 

F 

Falding; chamber, 29 
Fairlie control method, 29 


P^ans, 681 

multi-bladed, 682 
v'olume blowers, 681 
Fast Black L. 489 
Fast Green. 497 
Fast Red C, 488 
Fast Salts, 509 
Fast Yellow, 486 
Faturan, 592 

Fauser process, for concentrated nitric 
acid, 129 

for synthetic ammonia. 123 
Fatty acids, in oils and fats, table, 513 
distillation, 560 
manufacture, 559 
Ferrite. 783 
PYrro-allo3^s. 789 
P’erro-manj^anesc, 789 

Ferro-silicon process for hydropjen, 789 
Fertilizers, 146 
mixed. 148 
natural orjiianic, 155 
P^iberloid, 609 

Fibers, consumption fi^zrurcs, 377 
P^ibroin, 456 

Philter cloths, 686, 690, 729, 516 
Filter 7 :)rcss, plate type, 686 
capacity, 688 
cycle, 688 
o 7 )oration, 686 
Filter press plates, 686 
material, 688 
non-washable^ 686 
recessed, 688 
sizes, 688 
washable. 

Filters, 685 
Filters, gravit^’. 685 

pressure, plat e-and-frame. 686 
TDressure, shell-and-leaf , 689 
suction, oscillating, multi-tube, 695 
suction, rotary-disk, 694 
suction, rotai-y-drum , 691 
suction, stationary, 691 
Filtros, 734, 309 
Fire damp, 572 
Fire extinf]^uishers, 222, 807 
Fire foam, 222 
Fire tube boiler, 211 
Fish oil, 520 
Fish scrap, 155, 158 

Fixation of atmospheric nitrogen, 110, 112, 
124 

in the form of ammonia, 113 
in the form of cyanamide. 125 
in the form of ferro-cyanide, 126 
in the form of nitric acid, 112, 126 
in the form of nitrides, 126 
see also under “lSritrof!:en.” 

Fixatives, 526, 532 
Flaker, 708 

Flash combustion, pyrite, 26 
Flat fsjlass system, 185 
Flavanthrene, 504 
Flavopurpurine, 501 
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Flavors, 534 

Flick catchall, 704 

Florida phosphate, 133, 134, 14S 

Florida water, 534 

Flotation, 794 

Flow meters, 

laboratory size, 750 
orifice, electric, 751 
Pitot tube, 750 
Thomas meter, 751, 252 
Venturi meter, 751 
Flue sas analysis, 215, 747 
Fluorescein, 499 
Fluorspar, 773, 774 
Fluosilicates, 136 
Fluosilicic acid, 57, 136 
Formaldehyde, as fungicide, 644 
manufacture, 607 
uses, 609 

Fourdrinier machine, 358 
Fractionating columns, 335, 401. 402 
ref., 702, 710 
Frary metal, 807 
Frasch process, for oils, 403 
for sulfur, 643 

Fries, Major-General Amos A., 581 
Frit, 181 

Fructose, 383, 388 
Fuchsine, 497 

Fuel oil, 397, 399, 402, 410, 422, 423 
Fuel value, 208 
Fuels, 207 

Fuller’s earth, 5 IS, 734 
Fulminate of mercury, 577 
Fumigants, 637. 641, 642 
Fungicide, 636, 642 
Fungous diseases, 636, 642 
Fusel oil, 334 
Fusible alloy, 807 

G 

G acid, 476 

Gamma acid, 485 

Gaillard-Parish chambers, 29, 30 

Galena, 798 

Galilith, 612 

Galvanizing, 807 

Gamma acid, 485 

Gas, combustible and illuminating, 266 
analyses and heat values, 267 
blast furnace, 266 
casing head, 272 
coal, 247, 266 
coke oven, 267 
gasoline-air, 273 
Mond, 806 
natural, 271 
oil, 266 
Pintsch, 272 
producer, 270 
Pyrofax, 273 
water, 268 
wood, 279 
Gas mask, 588 
canister, 588 


Gasoline, 

casing head 272, 

cracked, 399, 405, 406, 407, 409 

ethyl, 415 

natural gas, 409 

polymer, 417 

production, 408, 409 

safety, 413 

skimmed, 401 

straight, 401, 409 

topped, 405 

Gasoline, by oil-cracking processes, 
aluminum chloride, 408 
Cross, 406 
Dubbs, 405 
Ellis, 406 

Holm es-Man ley, 406 
McAfee, 408 

relative imymrtanco, 406 
Gay-Liussa(i tower, 17, 19, 22, 28 
Gelatin, 620 
Center typo filt.or, 695 
Geraniol, 531 
Gibbs cell, 101 
Gilchrist sc'l thu*, 708 
Glass, 

architoctur.il, 204, 205 
choniic^al, 199 
colored, 200 
cut, 190 
docorat-ed, 190 
fibrous, 202 
frosted, 201 
health, 195 
optical, 197 
vdate, 194 
quartz, 195 
safety, 195 

structural, 185, 193, 204, 205 
thermal, 199 
window, 1S5 
wire, 193 
X-ray, 201 
Glass bottles, 202 

automatic blowing machine, 203 
furnace, 202 

Glass furnace, continuous, 186 
Glass, transparency to light rays, graph 
196 

Glass tubing, 201 

Glass, window, manufacture of, 

Colburn process, 191 
Fourcault process, 189 
Pittsburgh Plate process, 193 
Glass wool, 202 
Glauber salt, 77 
analysis, 78 
Glaze, formula, 177 

over-glaze decoration, 176 
under-glaze decoration, 176 
Glover and West coke retorts, 248 
Glover tower, 17, 16, 18, 19. 29 
Glucose, commercial, 390 
crystallized, 391, 284 
in molasses, 331 
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Glucose^ rotation, 383 
syrup, 390, 284 
Glue, 623 
Gluten, 389 
Glycerin, crude, 561 
distilled, 567 
dynamite, 567 
Tj .S.P., 567 
water white, 568 
Gly-cerin esters, 512, 602 
Glycerin-lithar«:e cement, 727 
Glycerin, manufacture, 566 
by-product from soap, 566 
fermentation of molasses, 568 
uses, 568 

Glycero-tristearate, 557, 512 
Glycol, 435, 432 
Glycol, diacetate, 438 
esters, 437 
ethers, 438 
ether-esters, 439 
ethylene, 435 
nitrates, 438 
Glyptal, 592 

"‘modified,” 603 
Gold, 

coin, 814 
fields, 810 

production statistics, 810 
properties of, 814 
purification, 813 
uses, 814 

Goodwin process, 410 

Cirain alcohol, see industrial alcohol. 

Graiie siio-ar, 390 

Graphite, artilicial, 288 

Grease, 550 

by-product, 620, 155 
Grindin": wheels, 294, 296 
Grilio (Grillo-Schroeder) process for sul- 
furic acid, 34 
Ground wood pulp, 349 
Guaiacol, 275 
Guano, 156 

Guillaume process for rectifyins alcohol, 
335 

Gutmann system for nitric acid, 51 
Gypsum, mining, 168 
by-product, 138 
Gypsum plaster, 168 

H 

H acid, 480, 485 

Haber process for direct ammonia syn- 
thesis, 119, 123 
Halloran process, 408 
Halogenation, 477 
Halowax, 605 
Hansa Yellow, 508 
Hard rubber, 658, 728 
Hardened oils, 522 
Hardinge mill, 719 
Hardness of water, 229 
carbonate, 237 
non-carbonate, 237 


Hardwood, distillation of, 275 
batch retort, 275 
continuous retort, 276 
Harris process, 800 
Haveg, 732 

Heat regeneration, principle, 187, 250, 772 

Heat treating of steels, 7S4 

Heat value of various fuels, 208 

Heavy vrater, 239 

Heine boiler, 211 

Heliotropin, 530 

Helium, 316 

Hellebore, 640 

Herreshoff rotary furnace, 25 
Hexyl resorcinol, 645 
Hides, 616 

High octane fuel, 416 

Holmes-Manley process for gasoline, 406 
Homerberg, Hr. Victor O., collaborator, 
785 

Hooker cell, 98 
“S” type, 99 

Hoi'ak, William, collaborator, 171 
Horse power. 

Hough system for nitric acid, 53 
Household refrigeration, 225 
Hydraulic mining, 813 
Hydrochloric acid, manufacture, 74 
by-product, 74, 77 
Hydrocyanic acid fumigant, 642 
Hydroelectric v)Ower, 216 
Hydrofining, 410 
Hydrofluoric acid, 55, 136. 201 
Hydrogen, 312, 113, 119, 121, 123 
by elecLroIy^ds, 315 
by-product, , 31G 
by steam-iron, 314 
by steam-water gas, 313 
forro-silicon, 316 
from fermentation, 344 
hy drone, 316 

water gas liquefaction, 313 
Hydrogen-ion measurement, 753 
Hydrogen peroxide, 309, 644 
barium peroxide method, 310 
electrolytic method, 309 
sodium peroxide, method, 310 
Hydrogenation, 
of coal, 419 
of fatty oils, 522 
of hydrocarbons, 449, 416, 409 
of mineral oils, 410, 413, 416, 409 
Hydrometers, 737 
Hydrone, 316 
Hydrone Blue G, 504 
Hydrone Blue B, 504 
Hypercompressor, 116 

I 

Iceless refrigerators, 225 
[mhoff tank, 240, 242 
[mmedial Sky Blue, 505 
Impeller, open, 680 
closed, 681 

Cnch-hour in coke oven practice, 249 
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Indantlirene, 504 
Indanthrene Gold Orange, 504 
Indigo, 503 
Iiidij 2 ;o White, 503 
Indirect dvcs, 458, 459 
Indium, S02 

extraction, 802 
uses, S16 

Induction furnace for melting? precious 
metals, S18 
Industrial alcohol, 329 
Industrial ^ases, 312 
Infringement, 671 
Inhibitors, against cori osion, 45 
ref., 49 

Ink, colored printing, 554 
news, 554 

Insect pests, list, 636 

Insecticides, contact poisons, 640, 637 
gas form, 641 
stomach poisons, 637, 136 
vapor form, 641 
Instruments of control, 737 
Insulators, table, 612 
Interferences, 668 
Intermediates, for dyes, 466 
statistics, 482 
Invertase, 331 
Iodine, 54 
Iodoform, 55 
lonone, alpha, 531 
beta, 531 

Iron, manufacture, 757, 770 
Arnico, 782 
castings, 725 
enameled, 181, 549 
pig, 757 
wrought, 768 

Iron, as catalyst, 116, 117, 313, 314 
Iron ores. 757 
analyses, 760 
deposits, 759 
reserves, 758 
transportation, 759 
Iron pyrite, 24, 323 
Isolates, odoriferous, 530 

J 

J acid, 485, 480 
Jeffrey mill, 716 
Jena glass, 199 

Jigger, in whiteware manufacture, 174 
in textile plants, 462 

Jones-Parsons converter for ammonia 
oxidation, 127 
Jordan, 356 

K 

Kainite, 150 
Kaolin, 172 
Kauri, 547 
Kelly press, 689 
Kerosene, 

emulsions, 641 
heat value, 208 


Keyes, Donald B., v^rocess for absolute 
alcohol, 339 
Kioselguhr, 42, 577 
Kips, 616 
Kodapak. 378 

Koppers by“T:>roduct coke ove?n, 253 
Kraft pa])er, 348, 360 
Krase, PI. J., r)i ocess for urea, 157 
Ivuoch, Iloberl:, collaborator, 456, 436, 483 


Pa Pour 39 

PachmtLii process, 408 
Pachrymat.ors, 5S3, 588 
Pa cqu ers , 549 
statist ic's. 554 
Pactic acid, 345 
I^a close, 345 
Panthanuin, 822 
I^ard and lard oil, 520 
Ijavendor water, 534 
Ijavoisif^r, 570 
Pead, 792, 798, 807 
conc<ait l atiori, 798 

in clieinical t'nginc'ering, production fig- 
ures, 792, 798 
to t rae t hy 1 , 415 
sni citing. 799 
Pead azitic', 577 
l.ead, totiiK'thyl, 415, 306 
J^eathoi’, 

chamois, 620 
chrome tanned, 61 S 
definition, 615 
patent, high gloss, 619 
solo. 617, 620 
split, 619 

vegetable tanned, 017 
velours, 620 
Poatheroid, 609 
Peblane i)rocoss, 74 
Po Chatelior prin(ai:)le. 113 
Pehr, 190, 185, 192, 204 
Pen cite, 154 
Pe villose, 388 
Pewisite, 588 

Pichtonborg, PT. F., collaborator, 615 
Pilienfeld ]>voc€^ss, 375 
Pime, 166 

agricultiiriil, 168 
burnt, 167 

hydrated, 167, 168, 421 
quick, 167 

for causticizing, 93, 353 
Pime-sulfur, 640 
Pimestone, 166, 161 
Pinseed oil, 514 
blown, 516 
boiled, 516 
manufacture, 514 
press-cake by-product, 516 
raw, 516 
refined, 516 
Piqnation, 803 
Piquefaction of coal, 419 
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LiQueficr for air, 318, 320 
Liquid air, 317, 318, 121 

Liquid purification of coke oven sas, 254, 
255 

Litharge, 544. 815, 650 
cement, 727 

Lithography, «tonc process, 633 
zinc-plate T)rocess, G33 
Li th op one, 543, 550, 554 

Los Angelos, Metropolitan Water Dis- 
trict, Southern California, quality of 
water, 231 

Low temperature carbonization, 260. 249 
Lubricants, 421 

Lubricating oils. 404. 411, 412, 413. 422. 
423 

Lucidol, 307 

Liicite, 604 - ^ 

Lunge towers for nitric acid, 52, 733 

M 

Magnalium, 304 
Magnesium, 304 

Magnesium chloride. 304, 70, 151 
fluosilicate, 57. 164 
oxychloride cement, 169 
Magnetic pulley, 707 
Malachite, 793 
Malachite Green, 498 
Maleic acid, 451 
anhydride. 451 
Malic acid, 452 
Malt, 333 

Mannheim salt cake furnace, 71 

Mammut, 732 

Mash, 332, 338 

Massecuite, 386 

Mastic. 549 

Materials used by the Chemical Engineer, 
724 

Mazola oil, 517 

Me Alpine, Kenneth, ctollaborator, 757 
Mechanical stoker, chain grate. 213 
Koney. 213 
Taylor, 213 

Melting points of metals, tables, 807 
Mercei-ization of cotton, 456 
Mei-cury, 803 

Mercury vapor boilers. 212 
Metallography, 783 
Metallurgical coke. 250 
Mctanil Yellow, 487. 458 

Methanol, from wood distillation. 275, 
278, 284 

synthetic, 441, 444 
Methyl alcohol, see methanol 
Methyl Orange, 487 
Methylene Blue, 501 
Michier’s ketone, 498 
Mikado dyes, 496 
Milli-curie. 821 
Milorganite, a fertilizer. 244 
Mills-Packard chambers, 30 
Milwaukee disposal plant, 242 
Mine mouth steam plant, 218 


Mirrors. 196 

formula for silvering, 197 
Mitscherlich process, 355 
Mixed acid, 53, 467. 574, 578 
Mixed sprays and dusts, insecticides, dia- 
gram, 645 

Mixing to type, for dyes, 460 
Molasses, 331 

Mold (vegetable growth). 328 
Molding resins, 592, 597, 598, 600 
Mol (chemical), definition, 492 
Mond process for nickel, 806 
Monel metal, 729 
Mono-azo d.yes, 486 
Monocalcium phosphate, 141 
Monosodium phosphate, 141 
Mont Cenis process for ammonia, 121 
Mordant. 462, 459, 461 
Mordant Azo dyes, 490 
Motor fuels, 
table. 409 
synthetic. 419 
Moving picture film, 610 
Mowilith. 605 
Musk, natural. 532 
arl ificial . 532 
Alu.stard gas. 5S3, 587 
Myrabolan fruit, 618 

N 

X aphtha, coal tar, 259, 603 
petroleum, 402, 548 
Xaphthalcne, 466, 259, 470, 475 
Xaphthionic acid. 475 
Xaphthol, 479, 508 
Xaphthol AS. 508 
Xash Hvtor. 683 

Xatural gas, 266. 271. 316, 417, 255. 609. 
208 

T>ipo lines, map. ref., 396 
Xatural organic fertilizers, 155 
Xauseating gases, 583 
Xelson cell, 101 
Xeolan Dyes. 507 
Xeo-Sal varsan. 535 
Xeon, 322 
signs, 321 

Newaygo screens, 721 
Xewnman hearth. 799 
iSTews ink. 554 
X ewsp)rint, 350 

Xew York City water suply, 233 
Xichrome, 730, 806 
Xickel, 804 
carbonyl. 806 

catalyst. 448, 449, 450, 523, 525, 442 
steel, 784 

Xicotine dust. 644. 641 
solution, 644, 640 
Xigre, 561 
Xitralloy, 787 
Xitrator, 469 
Xitre cake, 52, 71 

Xitric acid, from sodium nitrate. 51 
from ammonia oxidation, 126, 129 
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ISTitricastiron, 787 

]Sritride process for nitrogen fixation, 126 

iSTitridin^?, of steels, 785 

Xitro^en, 

fixation of atmospheric, 110 
arc process, 112 
by clover, 146 
bacteria, 154 
cyanamide, 125 
direct ammonia, 113 
ferrocyanide, 126 
nitride, 126 

production fi«?ures, 111, 112 
ISTitropcen industry, all sources, all proc- 
esses, chart, i24 
iSTitrobenzcne, 467, 469 
]Sritro cellulose, 570, 574, 549, 551 
!N'itrogl 5 ''ccrin, 577, 579 
^STitroguanidine, 576 
jNTitrostarch, 577 
IsTitrous oxide, 324, 326 
ISTovadelox, 307 
ISTovocaiiie, see procaine. 

ISTuloid, 592 
ISTutsch filter, 691 

O 

Octane number, 416 
Oil of rose, 526, 528 
Oil flotation, 794 
Oil Red EG, 495 
Oils, essential, 527 
petroleum, 392 
yof^etable and animal, 512 
see under specific name. 

Oiticica oil, ref., 525 
Okonite, 424 
Olive oil, 517, 512 
statistics, 518 
Oliver suction filter, 691 
Opacifier, 181 

Open hearth process for steel, 771 
Orange I, 487 
Orange IV, 487 

Orientation rule for benzene substitution, 
468 

Ossein, 621 
Othmer process, 282 
Oxyj^en, 317 

explosive, 577, 317 
Ozokerite, 423 

P 

Pachuca tank, 805 
Palladium, 817, 818, 814, 805 
Palatine Chrome Black, 490 
Paints, 546 
statistics, 554 
Palm oil, 517, 512 
Paper, 

bo ole, 360 
coated, 360 
corrugated, 360 
newsprint, 350 
wrapping, 360 
writing, 360 


Paper-making machine, Eourdrinicr, 358 
Para di chlorbenzene, 642 
Para Red, 460 
Paraffin hydrocarbons, 399 
Paraffin wax, 397, 404 
Paraflow, 422 
Paraldehyde, 282 
Paris green, 636, 640 
Parkes process, 800 
Patentability, rules, 665 
Patents, applic*,ation for, 666 
claims, 667 
disclaimer, 670 
foes, 667 

infringomemt, 671 
interferences, 668 
monoT)oly, perio<l, 670 
Otlicie Actions, 667 
publications, 673 
rejections, 66S 
searches, 66S 
title, 669 

Patlinson piocc'ss, 799 

Pauling process for nitrogen fixation, 113 
Poamit oil, 517 
statistics, 518 
Poarlite, 783 
Pebble mill, 719 
Pellet glue, 623 
Pellet sodium nitrate, 150 
Pentane, 272 
Peppermint oil, 527, 528 
Perfumes, 

formulas, 533 
sundries, 532 
Pcrilla oil, 547 

Permissible ox])losives, 572, 577 
Permitted coal-tar food dyes, 506 
Permutit, 238 
Petroleum, 392 

composition, 397, 398, 404 
conserv'ation, 395 
deposits, detection, 392 
occurrence, 303 
production, 306 
products, 397, 422 

raw material for chemicals, 418, 603 

refining, 400 

reserves, 394 

tests, 423 

transport, 396, 272 

see also under Crude oil, and specific 
names. 

Pn, definition, 826 
Pharmaceuticals, 535 
Pharmacopoeia, U. S., 537 
Phenoform, 592 
Phenol, 259 
for dyes, 468 
for resins, 593 
hydrogenation, 450 
synthetic, 605 
Phenol coefficient, 644 
Phenol resins, 592, 593 

formaldehyde resins, 593, 602 
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Phosf^ene, 

manufacture, 5S6 
war p:as, 583 
Phosphate rock, 133 
occurrence, 133, 134 
powdered, 148 
production, 133 
Phosphates, 141 
Phosphine (dye), 500 
Phosphoric acid, 138 

thermal methods, 13S, 139 
wet method, 138 
Phosphorus, 139 
Photo.araphic camera. 630 
developer, 631 
emulsion, preparation, 628 
emulsion, rii)onint>;. 629 
film, 627 
fixin*? bath, 631 
parser, 630 
plate, 630 
process, theory, 631 
solvent for silver, 633 
Photographic de\'elop('rs, 
amidol, 631 
oikonogen. 631 
ferrous sulfate, 632 
hydroqiiineme, 631 
metol, 631 
pyroo’allol, 631 

Photography, ai)pli cations, 62^ 
color, 632 

dry plate process, 630 
theoi-y of light action, 631 
wet T.)late process, 632 
Phthalic anhydride, 450 
Picric acid, 575 
Pig iron, 757 

production, 757 
Pigments, 

particle size, 550 
statistics, 554 
Pilatus dyes, 507 
Pipe lines (oil), 396 
Piperonal, 531 
Pitot tube, 750 
Placer mining, 812 
Plaskon, 599 
Plaster board, 169 
Plaster paris, 168 

molds, for china, 173, 174 
Plastics, 

definition, 591 
resins, thermosetting, 592 
thermoplastic, 593 
Plasticizers, 552, 610 
Plastopal, 592 
Platinum, 817 

uses, 34, 128, and others. 
Plioform, 612 
Pliolite, 549 
Poidometer, 713 
Poison gas, see war gases. 
Polar dyes, 507, 508 
Pollopas, 592 


Polyhalite, 150, 152 
Ponceau It, 488 
Porcelain enamel, 181 
Porcelains, 173 
Portland cement, 160 
clinkers, 163 
fineness, 164 
gypsum addition, 161 
Quick-Setting, 165 
rate of setting, 161 
retarding the setting, 161 
specifications, 164 
theory of hardening, 160 
Poste, Emerson P., collaborator, 181 
Potash minerals, 150 
statistics, 155 

Potassium chloride, 151, 152 
chlorate, 576 
iodide, 55 
nitrate, 154 
T)erchlorate, 576 
l)ermanganate, 308 
Potassium salts, 146, 148, 152, 155 
Alsace, Mu I house basin, 151 
American, 152 

l>y-product, cemeuit dust, 154 

by-product, molasses rt‘sidues, 154 

by-product, iml]) from sugar beet, 15- 

by-prodiict, wool washings, 154 

Chile, 154 

kelp, 154 

iSTew Mexico. 152 

nitre ).)lantation, 154 

Poland, 150 

Searles Lake, 153 

Stassfurt. 150 

sun-flower stalks. Russia, 154 
Texas, 152 
Tunis, 153 

Potassium sulfate, fertilizer, 152, 154 

Potentiometer. 740 

Pottery, 173, 175 

Pratt converter, 29 

Primary dis-azo dyes, 491 

Printing ink, 554 

Procaine, 537 

Production of cold, 218 

Promoters, in catalysts, 117 

Proof, degree of, for alcohol, 336 

Propane, 272 

liquid, solv'ent in petroleum refinery 
414 

Propellant charge, 573 
Propyl alcohol, 4i9 
Purpurine, 501 
Psychrometer chart, 749 
Pulleys, speed ratio, 683 
Pulp, see wood pulp 
Pulverizer, 

buhrstone mill, 718 
edge runner, 720 
pebble mill, 719 
suction mill, 718 
Pumps, 

boiler-feed. 678. 681 
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Pumps, 

centrifu^^al, 680 
double-acting, 677 
fire, 681 
gear, 678 
piston, 677 
plungjer, 677 
reciprocating;, 677 
rotary, 676 
sliding- v'ane, 678 
two vane, 679 
Pyralin, 609 

Pyramine Orange Pt, 494 
Pyrazolone dyes, 496 
Pyrethrum, 641 
Pyrex Glass, 198, 199, 721, 118 
Pyridine, 259 
Pyrofax, 273 
Pyrogene Indigo, 505 
Pyroligneous acid, 277, 278, 280, 282 
Pyrometers, optical, 743 
radiation, 742 
resistance, 741 
standardization, 745 
thermocouples, 740 
Pyrometric cones, 745, 176 
table, 182 

Pyrophoric alloy, 822 
Pyrrhotite, 25 
Pyroxylin, 549, 553 
plastics, 609 
solutions, 611 

Q 

Quartz, fused, 730 
glass, 201 

Quick freezing, of foods, 225 
Quinine sulfate, 535 

R 

R acid, 476 
Radium, 818, 820 
Ranarex, 747 
Rape oil, 519 
Rapidogen, 507, 509 
Rasorite, 153 
Raymond mill, 718 
Rayon, 363 

cellulose acetate, 375 
cuprammonium, 376 
viscose, 365, 366 
Rayon cord, for tires, 655 
Rayon fiber, character, 457 
Rayon staple, 376, 377 
Rayotwist, 655 
Red lead, 544 
Redmanol, 592 

Reduction, of dye intermediates, 471 
Reduction to practice, 668 
Refrigerants, table, 220 
Refrigeration, 218 

Regeneration of heat, principle, 187, 250 
772 

Reissues of patents, 670 
Reserve printing, with dyes, 463 
Resinit, 592 


Resins, natural, 547 
Resins, svnthctic, 591 
alkyd, 592, 600 
amino, 597, 592 
dyes foi-, 506 
metha. ciy la tc- , 604 
oil soluble, 602 
phenol-foriiialdehydo, 593, 602 
T)olymerized hydro(;arbous, 603 
therm o] > las t i c , 593 
thcMiiiosotting, 592 
urea-form aldc'liydo. 597 
v'inyl, vinyl il,e, 603, 432 
Resorcin, resorcinol, 478, 479, 499 
Reverberatory furnace^ 84 
RezyJ, oil-soluble, 603 
Rhodamim^ 13, 499 
Rio ■pinto cn-e, 797 
Roast cake, s('e sodium sulfate. 
Roofing mate rial, 560 
Rtisaiii line', 498 
Rcjsf? absohil<\ 528 
c:onci otc\ 528 
Re^sin, 285, 603 
esters, 602 
oil, 554, 422 
size, 351 
soap, 562 
viirnish, 554 
Rotameter, 752 
Rolaiy biirnor, 22 
shelf, 25 

Rotary hammer mill, 716 
Rotenone, 641 
Rouge, 197, 544 
Rubber, 648 

T.) 1 an ta t i cin , 649 
pi-iccs, 649 
tree, 649 

Rubber aec*ol(n‘at,ors, 650 
anti-oxidants, G50 
fillers, 650, 652 
softeners, 650 
vnlcanizor, 650, 651 
Rubber, (^ompoundc'd, formtilas, 651 
Rubber, 648 

crei)o, brown, 649 
crepe, white, 649 
gum, 652 
hard, 658 

latex, 649, 659, 660 
reclaimed, 661 
smoked sheets, 649 
sponge, 660 
synthetic, 660 
vulcanized, 650 
Rubber goods, belts, 656 
factice, 651 
flooring, 657 
gaskets, 657 
heels, 657 
hose, 657 
inner tubes, 656 
tires, 654, 655 
Ruchman mill, 563 
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Suida process, 280 
Suironation, 473 
Sulfanilic acid, 475 
Sulfur, 

brimstone, 643 
by-product, fungicide, .254 
in lime-sulfur, 640 
production, 643 
sulfuric acid mfre, 38, 24 
uses, 642, 643 
vulcanizing agent, 650 
Sulfur burner, 37, 38, 22 
Sulfur cement, 732 
Sulfur chloride, 587, 651 
Sulfur dioxide, 24 
liquefied, 323 
refrigerant, 220 
uses, 323, 90, 15, 388 
Sulfur dyes, 459, 505, 504 
Sulfur trioxide, 35 
Sulfuric acid, 
distribution, 46 
heat rise test, 39, 40 
properties, 45 

Sulfuric acid manufacture, 15, 34 
chamber process, 16, 17, 22 
concentration, 31 
contact process, 36, 34 
Gaillard-Parrish chambers, 30 
Mills-Packard chambers, 30 
nitric oxide pressure proce\ss, 29, 30 
space efficiency for chambers, 31 
Sun Yellow, 496 
Sunset Yellow F C F, 506 
Superpalite. 583 
Superphosphate, 134, 148 
ammoniated, 149 
curing, 136 
triple, 137 

Surface combustion, 273 
Sweetland press, 690 
Swing-hammer mill, 716 
Sylphrap, 378 
Sylvinite, 151, 152 
Synthetic nitrogen products, 110 
Synthetic organic chemicals, 427 
money value, 446 
Synthetic phenol, 605 
Synthetic resins, see resins. 

Synthetic rubber, 660, 428 
Synthetics, odoriferous, 527, 530 
Synthol, 421 


Table salt, 62 
Tallow, beef, 558 
mutton, 558 
Tankage, 155, 158 
Tannin, 617, 461 
Tanning, 

chrome, one-bath, 618 
chrome, two-bath, 619 
theory, 625 
true, 618 
vegetable, 617 


Tanning agents, 

catechol group, 617 
hemlock bark, 617 
myrabolan fruit, 618 
>Teradol JD, 618 
-S^eradol iSrt), 618 
oak bark, 617 
quebracho, 617 
pyrogalloi group, CIS 
symthetic, 618 
valonia, 618 
Tanning extracts, 617 
Tantiron, 729 
Tartaric acid, 143 
Tartrazine, 506, 497, 461 
Teglac* oil -soluble, 603 
Temperature measurement. 739 
pyrometers, 741, 742 
pyrometric cones, 745 
thermocouples, 740 
thermometers, 739 
Tennessee phosphate, 133 
Tennis ball, 657 
Terapaca, 50 

Ternary- mixture. 339, 282, 344 
Tetraethyl lead, 415, 306 
Tetralin. 449 
Tetiyl, 572 

Thermal analy'sis of gases. 746 
Thermite, 789 
Thermocouples, 740 
table, 741 

Thickener, for slurrys, 70S 
Thioindigo, 503 
Thionone Blue. 505 
Thomas meter, 252, 751 

Thomas and Gilcrist process for steel. 7S0 
Thorium, 821 
Thylox process, 254 
Tin, 

ores, 803 
smelting, 803 
Tires, 

pneumatic, core-built, 655 
drum-built, 655 
Titanium oxide, 543 
Titanium tetrachloride, 585 
Titanox, 543 

TjSTT Trinitrotoluene, 576 
Toilet water, 533 
Tolidine, 491 
Toluene, 

isolation, 259, 260, 252 
nitration, 470 
sulfonation, 474 
Toluylene Orange R, 494 
Tornesit, 549 
Tower packing, 733 
Trade-marks, 674 
Transparit, 378 
Trauzl test, 571 
Tricalcium phosphate, 135 
Trichlorethylene, 428, 431 
Triethanolamine, 441, 432, 254, 440 
Triphenylmethane dyes, 497 
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Trisodium pliospiiate, 140 
Troy ounce, 809, 826 
Tuads, 650 
Tube mill, 720 

Tumin, H. R., collaborator, 792 
Tung oil, see china wood oil. 

Tungsten, 822 
Tunis, 133, 153 
Turkey Red oil, 519 
Turpentine , 
gum, 285 
wood, 285 

Twitchell process, 5G0 
Typo metal, 807 

XJ 

Ultramarine, 545 
Unit operation, 754 
U i‘e a , sy n tli e t i c . 

Boseh-Meiser process, 156 
Rrase process, 157 
resins, 597 
stabilizer, 571 

V 

Vanadium, S23 

Vanadium pentoxide catab'st, 41, 450, 
452, 447 

Vanillin, 530. 531 
Varnish, 546 
enamel, 546 
japan, baking, 549 
quick-drying, 547 
spar, 549 
spirit, 549 
Vat dyes, 502 

Vegetable oils, fats and waxes, 512 
Venturi meter, 751 
Vesicants, 583 
Victoria Blue, 498 
Vinegar, 346 
Vinyl acetate, 431 
alcohol, 431 
chloride, 432 
compounds, 431 
resins, 432, 603 
Vinylite, 432, 603 
Vineloid, oil-soluble, 549 
Viscoloid, 609 
Viscose, 377 
paper, 
products, 
silk, see ra 3 ’'on. 

Viscosity index, 411 
Vitaglass, 195 
Vitrified enamel, 181 
Vorce cell. 101 
Vulcanized fiber, 378 

W 

W ar. gases, 581 

classification, 582 
table, 583 


Water, 228 

analyses, 231, 234 
cooling, 236 

for industrial pun^osos, 236, 239 
for municipalities, 228 
for specific industries. 239 
ground, 22S 
hard, 229, 237 
“heavy,” 239 
pure, 228 
soft, 228, 229, 23G 
wells. 236 
Water glass, 78 
Water purification, 234, 230 
by algicide, 232 
by aeration, 232 
by chlorine, 230, 232, 235 
13 V chlorine and ammonia, 235 
by coagulants, 230, 231, 236, 237 
b 3 ' phenol removal, 273 
by zeolites, 237, 238 
Water softener, apT)aratiis, 23S 
Water softening, 236, 212 
by lime-soda, 237 
by trisodium |»hosphate, 237, 140 
by zeolite, 237, 238 
Water tube boiler, 210 
Wax, 

animal, 522. 513 

mineral, from ^Dctroleurn, 404, 414, 422. 

398 

mineral, ozokerite, 423 
vegetable, 522 
Wedge rotaiy furnace, 25 
Welding, with acetyl('‘iie. 325 
with hydi'ogon, 325 
torch, 325, 326 
Welsbach mantle, 821 
Wesson oil, 513 
Wetting-out agents, 464 
Whale oil, 520 
White arsenic, 637 
White lead, 539, SOO 
Carter process, 540 
Dutch process, 540 
French process, 540 
Rowley pi’ocess, 540 
Whiting cell, 104 

Wiegand, Dr. W. B., collaborator, 545 
Williams, Reginald, collaborator, 809 
Withdrawing agent, 282 
W'olframite, 822 

Wood in the chemical plant, 726 
Wood flour, 597, 593 
Wood meal, 578 
IVood preservation, 645 
Wood pnlp, 348 
chemical, 348 
mechanical, 349 
soda, 352 
sulfite, 353 

W'oodall-Duckham coke retort, 24S 
Wool Fast Blue OU and .BT., 500 
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Wool fiber, character, 457 
Wort. 33S 

X 

Xanthate, 367, 370, 366 
Xanthene dyes, 499 
Xylene, 259, 260 

V 

Yeasts, 328, 330 
Yttrinm, 822 


Zambesi Black B, 460 
Zeolites, 237, 42 
Zimate, 650 
Zinc, 792, 800 
dnst, 802 
electrolytic. 802 
furnaces, 801 
oxide, 541 

oxide, particle size. 550 
oxide production, 554 
Zymase, 331 
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